
This is a digital copy of a book that was preserved for generations on library shelves before it was carefully scanned by Google as part of a project 
to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 
to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 
are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other marginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 
publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we have taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 

We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain from automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attribution The Google "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liability can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 



at |http : //books . google . com/ 



HARVARD UNIVERSITY 



~~ > 




LIBRARY 



DENTAL SCHOOL 



DONOR 



Received /^<^ ^ 



d by Google 



d by Google 



s 



O 



-=1 






d by Google 



d by Google 



d by Google 



TREATISE 
ov 



HYDROSTATICS 



aud 



PNEUMATICS. 

BT THB 

REV. DIONTSIUS LARDNER, LL.D. F.R.8. 



• :..• :•• • • ••• •• 



. • • • • ' 

• •• « • 



hENJAAflN P. JpSLIN, M. D. 

ntOittBOR or NATOEAL PHILOflOFHT Of UNION OOUJUE. 



Carey, lea, & blanchard. 

1835. 

Digitized by L^OOQ'lC 



SCHOOL Or' U.-LMtDICINC 
LIBRARY 



-#. -•• ••• • •••.••• •• •• • • • ■ 

m* •»• •• • • • • • • • • • •» • • • « « •, 

•-•% • •♦ ••-••• ••••••••• •' 

••*••••• • » m' • •• ••••• •• • 



'• •"• : : • • • 



• •• 

* • • 

• • • 4 



• • 

• ••• 



BOSTOI* V <c» 



■'ji^ 



^ilARY 



FRANCIS ^^TWAY 

UBRARYOFMEOgNg^^g,^ 



CONTENTS. 



mrmtoflTAiiGB. 

CHAF. I 



Fraifim tnannittdd •qully in nil PiwctJmw gjptilairtil Tmtiot tUf^— A 
Liqnid to t MMfchiii gfaitifa PmiiIw Ihaifcli nfiiwlillii P>—. 
B|4va«tatie B«]lowf ^Varion vmIU AfptteMk^i oT tlUf IV^nrtf Mmm iC 
tnuMiittiaf 0ifnb.->Dr. ArMtt'g BvmmUot «r Iti Afpltoitioa to wigltil 
Cm»i — nimlnlioiw Ikon tli« AninuJ Eeip«pyJ»Citc»l»tfa«<f IM BioM. . S 

CHAP, m 
or twM nsftuBB noovcip sv nn wsicbt «r a u«n». 
Flmrara profortiMial to <]m Depth.— FMMara on tbo horiaootol BoCtoM aa< ft»- 
poidiealar Bides of a VaMel^ExperimoBtitl Piooft of tbo Plopofty^Tottf 
PiroMno OB tbo porpondieolor Bidoe of m, VomoI o«Bp«tod«- 



DuBt,aad lloodfatoa.*4lotbodof oovpirtiiW tbo tolU rkMMM oa tbo I 
of A VoiMl of oay Bbive^BsonplW'-^lobo^-Ciibo^Toiiow lAolt pit* 
#aood kf tbo PMwwo of Uqinda at float fieptbe.-.-Cori[ fmM iaio a Bottlo^ 
Wator ftraod into tbo FMtaa of Wood^Xiquida Ml abaalBtaJr immtfrnmUU, 
— asporiaoBttopwre tbia« IT 

CHAP. IT. 
u«uiDf uAtmAtm tmiB livbi. 
SBptrioMOlal Praoft.— Toafola < 
▼oiaala batorooB wUtb tbofoia»too ( 
ngUimA by tbia Priaeiplo.-^Buibeo of a Jiqaid ]ovoL^Wb|r Ibo Ooalitf 
dooa aot ostead to Bolida.— Swftof of tbo ];4uid.--Bwfl»o of tbo 8oa.«-C«ri0W 
O f l i a a l Deccptiaa ia Wavoa.— BiaUlar Proparty in rovohri^ Beiow.«*OiiMMMi» 
tal Fonntaia Cloekaw— PbaaoaMna of Bivoia, Bpriaga, WoUa, CBtaiaats, oaplafai- 
• i m4 ^ f 9MU, Looka.^-aiotbod of sopplyiM Water lo Tofwa^-Baa ct Booeo of 
tbo word LaTol.-CoBUMa Buftm of two liqiMa ia tbo aaaM Voaaal^Iiooal* 
fBf lBitnunontf.~Bpirit Levolr ...... ^ .. 9r 



d by Google 



CONTENTS. 



CHAP. V. 



th*! 



or THB IMMBBSIOII OF lOLIDt III U«UIO« 

To detonnine tho exact Magnitudo of an irrogalar Solid.— Whan aolublo in 
Liquid.— Whan poroiu.— BflEbot on tha appawnt Waiglit of tha liqtiid^— Eflbe^ 
OB tha apparent Weight of the Solid.— The real Weight of tha Solid and Uqiiiil 
not changed by Inunenion. — Canae of the apparent Change*— When a Body iai 
Buapended.— Floating Bodiei.- Theae Propertiei deduced firom the fimdamental 
Priaciplw of Hydroatatica*— The aama Solid tinka in aome Llqnida and riaea in 
othen.— Buoyancy.— Ita Effecta in aabmaiine Operationa.- Ita Effecta pereeiT- 
able in Bathing.— Boata may be formed of any Material, howeTer heavy. — An 
Iron Boat which cannot aink.— Method of preventing Shipa from fonndering.— 
EiTacta of the Cargo.— Ball Cock, and other floating Regalatora.— Meana of. 
raiaing Weighta from the Bottom of the Sea.— Method of lifting Veaaela over 
Bhoala.— life Pie8enren.—Swimming<— Water Fowl.— Fiah.— Why a dvownad 
Body floata*— Fhiloaophical Toy.— Whylce floata.— Bocka laiaed to the Bm- 
fkoe by Ice * W 

CHAP. VI. 

or DimnxirT uquina iir ooMMVirioATiiio Taaaiu. 

Lighter Liqnida float to the Top.— Oil, Water, and Mercury.— Cream of Ifilk.— 
Ingredienta of the Blood.— Oil and Spiriti.— Proof Spirit8.—Water and Wine- 
Water in the Deptha of a frozen Sea leaa cold than at the Surfrtce.- A Liquid 
may boil at the Surfiice, while the lower Parte are cold. — Method of applying 
Heat to boil a liquid.— Method of applying Ice to cool Wine.— Different liquidi 
io a bent Tube.— Method of raising Water by impregnating it with Air. . . 88 

CHAP. VII. 

x^uiuBMUM or rx^oATiiro booixs. 

Oonditiona of Equilibrium.— Oaaea of Stable, Initable, and Neutral EqulUbriom.— 

Experimental Proof.— Feat of walking on the Water.— life PreaeTTer.^-Stabil- 

ity of Shipa.— Poaition of Cargo.— Ballast.— Danger of atanding up in a Boat.— 

Inelination of a aaiUng Veaael.— How avoided in Steam Veasels 91 

CHAP. VUI. 
sracivio oxatitiss. 
Diflbrent Senaes of the Terma Heavy and light.— Weight abaolnte and relative.— 
Specific Gravity.— Standard of Comparison for Solids and Iiquida.-*For Oases. 
— Density.- The Immersion of Solids in Liquids gives their Bpeeififl Gravities. 
—Methods of ascertaining Specific Gravities.— Hydrostatic Balanee.— Sikas'B 
Hydrometer.— Nicholson's Hydrometer.--^I>e Parcieux's Hydrometer.— MaUiod 
of determining the Conatituent Parte of Compound Bodiea.— Alloya of Metal.— 
Spirits.— Adulteration of BGlk and other domastie Liquids.— Rieio*li Orowa.— 
Penetration of Dimenaions 1« 



d by Google 



COMTSNTI* Vu 

OHAP. DC. 

■TOBAVUCa. 

V«loeHy «r BAu ft«Hi ftB Ap«itaM in a VeaMl.— rrarcitkMl to tk« Itoplk oT tiM 
^ Ap«itnn«— Equal to tho Yolodty aoqoiiod la ftUiiv tkio^ that Dopth-- 
Bflbet of ataMMpharie latiftaiMe.~VeBa Oootiaota.^lato at wklah tba Lavol 
«r tho Watar in tha VaaMl fliUf^^Lataral CoMaanl aat kw af Motioa bj a 
Uqnid.— Rivar flowiiy timagli a Ldw.— €an«ita and Bddiai.— Bflbata af tba 
Sh^io of tba Bad and Baaka of a BiTer^IVwea of a liqnid ftrikli^o MM, or 
«iM Mnd.— Effaet of an Oar<— Wiafi of a Biid«— Diraotioa of tba raiiatiaf Sm- 
ikoo^Bflbet of tbo Veloaity of tba ■trikiaff Body«-«oUd of loaat laalaiaaoa.* 
Shapa of Fiahea and Biidt.— Bpaod of Boata and Sbipt limitad.— CiwpaiatHa 
Advantacai of Baiboada and Canali ISO 

CHAP. Z. 

OP HTDBAVUe MAOBIirBf. 

Water Wbaab.^OTarahot.— Undtnbot.— Braatl.— Barkar% |iUl^-Ai«bbMdii* 
Boiaw.— 4nalea GoTanior.^Chain Pomp. IM 



PNEUMATICS 



CHAP. I. 

IRTnODUOTlOH. 

Form of Bodiar.— How aifaotad by Heat<— Aaiilbna 8tata^-»Elaftiaitj«-4MTialoB 
of maehaaieal Beienea — Conprenibility and IneoaprMiibUity.— ParaMBaatljr 
alaitieF]Q|da..-Vapor.<-8t«am.-~AtaiofpborieAir 160 

CHAP« n. 

paoranTiai or ATMoirHBBio aib. 

' Atmofpherio Air ii matarial.— Ita Color.--CaaM of tba Una Sky.— Caoia of tba 

green Baa.— Air baa Waif bt.— EzpOTimental Prooft.— Air baa Inartia.— Ezam- 

plei of ito Baiiatanea.«.*It aaqnirat morinf Fovea.— Bxamplaa of Ita ImpacL— 

Air ii impaaatrabta.— ExparioMntal Piooft 174 

CHAP. in. 

BLAfTIOITT OP AIB. 

ElMtie and oompraiaiuf Foroaa eqnal.— Limited Heifbt 4>f tha Ataioaphara.^ 
ElaiUcity proportional to tba Denaity.— Ezparimantal ProoA.— Intamal and 
ntaroal Praaaure on cloaa Vaaaala containing Air 1^1 



Digitized 



by Google 



cbap.it. 

I «f tM MateiHiTM^AUMltmM «f a Vaminw> ' Wwntic.iiOim— % ] 
«rtlMlb-*l^Rtetlli 4iNoir«ni <hft atM^phMte TnmKn^^Jnm ! 
KMal>» BtftriBMsL— S«|vii!ltof for % geoA BuMMter.— Mmm of i 
tktakp-IHifMHil BiMmotor.— Wkool BanaBoter.— V«niM^UMo of tho Bn- 
iMHUf Tiriitiim of ataoophofle Proomira^-^Wottliov GlaM.^-4Udeo is ooai. 
BM Uio •bfMd.«-Comot Rvlei.— MoaiwoiiiMit of Hoif litt.— ftoHut «i» 
B«dioi^-Whf Mt oyponnt^— EffiMt of a Leatker Soekar.— How FHm idh«M 
to CMUafi, aad flahoa to Boeki.^Brealiiiiiff^-'i-Oommoa BoIlowi^-^Poisv 
■jilowi. Voiit'y>g.^Toa-Fot.>-4tettfo^lBfc>Bottlfei^g>watic Ttoogli^- 
€aff Ung NoiM in dteantiiif Wine. M8 

CBAP. ▼ 
■AUVACTiow Ain» ooronnATioR or aib. 
■^fcythij BuJini. ■«Bifo of ExhaMtioB^— UtpOMiUo to »ro<ita i 
Vaoannid— Maehanieal De&eta.— Tho Air Pan^^-Baraaol 
Oaago.— Variooi Forrni of Air Famp.— 'Pomp witliout Saotion ValTo.— BspMw 
taMBto with Air Pmnp^^Bladdar bant by atmoiphdrio PreMUo.— >Bladdor bunt 
hj Slaitioity of Air^Dried Fniit inflated by fixed Air.— Flaecid Bladder iwolte 
by Ezpondon^— Water railed by elaitie Foree.-*A Pnmp eannot aet in tho 
Abienee of atmoepherie Preeeore.— finetion ceaeee when this Prewnro is remor* 
td.— The Hafdeboir Hemiiphere.— <3ainea and Feather Ezperinient.«-CDppiaf • 
••ES'enreecinf Liqnore.— Sparkling of Champagne, Ice.— Pretence of Air 
Beeeiaary fi>r the Trannninion of Sound.— Hie Condensing Syringe.— Tho Co«» 
914 



CHAP. VI. 

MAOHlimf von BAIMNO WATB*. 

91m lifting Pomp.— Pomp without Friction.— The Suction Pnnp^— Tho Fwefaif 
Pttnp.^Tha msm with Air Veitel.- The same with a iolid Plnngor^— Dottbl« 
Bsnil^ PaBp«-«^lM Fire Bngine.— Siphon.— The Wnrtenboif Siphon. . . W 

CHAP. VII 

TU am ««m, aw naiAooir, aitd oitiko uu* 

T|t Air Ooik— Pint Attenpte at BaUoone^— Ltaa'fe BaDoon of itMAod Air^ 

Plro ftaUoone.— Montgolfier*! Balloon.— Pint Aieont.— Ballooin inflated witi 

Jiyik«fiB.*Pkfaehnto.— Bhuehaid'e Expori«ent.— Cwuoo of tho Bflloaqr of 

r . ihi PteMknldt— AMOBt of Gay-LoMae and Biot— Appoanaeti ia tho Ughtt 

.^aiiliM«rthtAimvhw««-'nwIHfiiif ML WT 



d by Google 



A 
TREATISE 

oir 



HYDROSTATICS. 



CHAP. I. ' . 

INTRODUCTION. 

DIYISION OF THE PHT8ICAI. FORMS OF VATTER.«-TRB SOLID AHD 
LI<tUID STATES. — COHESION. «-RXPDL8I0N.«- HEAT.— 4I7BJKCT OF 
HYDROSTATICS. 

(1.) To investigate and explain the phenomena of nature, 
and to exhibit with clearness and perspicuity the laws which 
prevail among them, it is necessary to group the objects and 
appearances which are under consideration in classes distin- 
guished by definite lines of separation. This system ouffht, 
however, to be regarded as artificial, and adopted as an aid to 
the limited powers of the human mind, rather than as corre- 
sponding to the actual state of the natural world. Mateiial 
substances, and the various relations which are developed by 
their mutual agency, exist separately and individually ; science 
arranges them in classes, according to certain similitudes and 
analogies which are observed among them ; but this classifica- 
tion is often to a great extent arbitrary, and the individuals of 
one class are by imperceptible degrees shaded off into those 
of another, like the languages, maimers, and habits of adjacent 
countries between which no natural boundary is placed. It 
must be admitted that, under such circumstances, classification 
does a violence to nature ; but yet the aids which it affords to 
the investigation of her laws, and the impulse which it gives 
to the general progress of discovery, are advantages which 
outweigh the objections which lie against it. 

The division of bodies, or rather of the physical states in 
which bodies are found, into solid and fluid, suggests these 
reflections. Two opposite influences are observed to pervade 
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3 A TREATISE ON HYDROSTATICS. CHAP. I. 

the material worid. Th^ cohesive principle is one, in virtue 
of which the component particles of all bodies have a tendency 
to collect and consolidate themselves into hard and dense 
masses. This principle is opposed by one of a contrary nature, 
which generally seems to be connected, if not identical, with 
that of neat By virtue of this latter, the elementary molecules 
of the body which it pervades have a disposition to separate, 
fly asunder, or repel each other. In different bodies these two 
opposing forces have different relations, upon which the physical 
state of the body depends. If the cohesive influence predom- 
inate over the repulsive in any considerable degree, the par- 
ticles of the body are held together in a solid concrete mass, 
not separable by any force less in amount than that by which 
the cohesive attraction which binds the particles together 
exceeds the repulsive force which tends to separate them. If, 
on the contrary, these two principles have an opposite relation, 
and the repulsive force which gives the particles a disposition 
to fly asunder prevail over the cohesive force, then the ele- 
mentary parts of the body will separate indefinitely, and dilate 
and spread themselves through any vacant space to which they 
have free access. Such is the case with atmospheric air, and 
all other bodies existing under the gaseous form. Between 
these two opposite states there are an infinite variety of others, 
corresponding to all the possible relations which can subsist 
between the cohesive and repulsive forces. Nevertheless there 
is but one intermediate state which is distinctly recognised in 
mechanical science, to explain which it will be necessary to 
take into consideration another force, viz. the gravity of the 
component particles. A body is said to be solid when the 
cohesive force by which its particles are held together is not 
only sufficiently powerful to neutralize the repulsive force which 
may tend to separate them, but also to resist tiie tendency which 
they have to fall asunder, like the grains of a mass of sand, by 
their own weight. If this be the case, the body, placed upon a 
level plane, or enclosed in a vessel sufficiently large to contain 
it, will maintain its figure ; nor will its projecting corners or 
protuberant angles drop off in obedience to their gravity, but 
will be held firni in their relative positions. If, however, the 
cohesive force, though sufficient to prevent the separation of 
the constituent particles of a body by reason of the repulsive 
force which depends on the presence of heat or any other cause, 
yet be unable to prevent their falling asunder by their own 
weight, then the mass of the body, if it were placed upon a 
plane, would be scattered over the surface by the unresisted 
tendency which the particles have to fall asunder by their 
gravity ; and if the body were placed in a vessel which by its 
sides would restrain the particles, they would then fall into 
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CHL&P. U. TBANmiMlON OF TtLMMVnM. 9 

every cavity of the vessel, and, all the lower parts being filled, 
the upper part of the mass would settle itself into a level sur- 
face. Such is the case of water, and all other bodies in the 
liquid form. There are, however, various states between this 
of decided liquidity, and that already described of decided 
solidity. The gradual transition of glue fix>m the solid state to 
the soft and viscid, and finally to the perfect liquid, will eluci- 
date these observations. The division of mechanical science, 
on which we are now about to enter, is confined lo the con- 
sideration of bodies in a perfectly liquid state ; and, as water 
has been assumed as the type of all other liquids, this division 
of the science has been culed HTnaosTATics.* 



^ 



CHAP. n. 

PRESSURE OF UQUIDS. 



PRZ89I7RE TRAirSMITTXD XqUALLT IV ALL DIRECTIOKS^*— EXPXai* 
MKHTAL PROOF OF THIS. — A LIQUID IS A MACHINE. — HYDROSTATIC 
PARADOX. — ^BRAMAH'S HYDROSTATIC PRESS.— HYDROSTATIC BEL- 
LOWS. — ^VARIOUS USEFUL APPLICATIOKS OF THIS PROPERTY.— 
MEANS OF TRANSMITTING SIGNALS.*-DR. ARNOTT'S SUOOSSTIOir OF 
ITS APPLICATION IN SURGICAL CASX8.i-^LLUSTRATIOirS FROM THB 
ANIMAL ZCONOMY.^IRCULATION OF THE BLOOD. 

(2.) The most striking of those qualities of bodies which 
depend on the fluid state, and that, indeed, by which this state 
is mainly distinguished from the solid, is the power to transmit 
pressure equally in every direction. In mathematical treatises, 
this property is usually taken as the definition of fluidity, ana 
as the basis of the reasoning by which the whole superstructure 
of the science is raised. 

Fig. 1. 




* The terms kgdrodfHumks and hjfdrtmUet are ated to expitM Mrteia dMaioM 
of the aeienM. It will bo conveoioDt, bowoTer, in tho prosont eMO» to oabcMO 

tbo wbole onder the title HydrostaticB. 
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4 A TREATISE ON BTDR08TATIC8. CHAP. II. 

To render this property intelligible, let us suppose a close 
vessel of any form, such as A B C D E, /^. ]., havinff an aper*- 
ture at O in which a tube or cylinder, O T, is inserted. Let us 
conceive this vessel completely filled with liquid to the level of 
the mouth, O, of the aperture. Let us now suppose a solid pis- 
ton or plug, P, inserted in the tube and pressed downwards 
until it comes in contact with the liquid. If the piston thus 
circumstanced be urged upon the liquid with any given force, 
as that of one pound, an equal pressure will be transmitted to 
every part of the surface of the vessel equal in magnitude to 
tiie base of the piston, P. Thus, if the base of the piston be 
equal to one square inch, then a pressure of one pound will be 
exerted on every square inch of the inner surface of the vessel, 
and a force tending to burst the vessel will be produced, the 
total amount of which will be as many pounds as there are 
square inches in the inner surface of the vessel. If the whole 
inner surface of the vessel amounted to 10,000 square inches, 
then a pressure of one pound on the piston would produce a 
force tending to burst the vessel, the whole amount of which 
would be 9,^9 pounds. 

(3.) This property may be conceived to be experimentally 
established in the following maimer : 

Fig, 2. 




Let A B C D be a close vessel (fig. 2.), the top of which, A 
B, is horizontal. Let O, CK be two apertures of the magnitude 
of a square inch, and into these let two cylinders be screwed. 
Let water, or any other liquid, be now poured into the vessel, 
until its surface reach the apertures O, O, and every part of 
the vessel be filled. Let pistons be inserted in the cylinders, 
so as to move water tight in them, and let the piston P be load- 
ed so as to press upon the surface of the water with a force 
equal to one pound. If the piston P' press on the surface of the 
water with a force less than one pound, it will be observed im- 
mediately to rise, while the piston P descends. Thus it appears 
that the pressure transmitted by means of the water firom the 
base of the piston P to the base of the piston P' is not less thaa 
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CHAP. II. TRANSMISSION OF PRESSUUB. 5 

a pound. Now suppose the piston P' to press upon the surfhce 
of the water with a force greater than a pound, then the piston 
P^ will descend in the cylinder, and the piston P will rise. 
Thus it appears that the force of one pound actinjr at P trans- 
mits to P' a pressure which b unable to resist a force ffreater 
than a pound. From these two experiments it i^^pears uiat the 
pressure transmitted to P' is neither ffreater nor less than a 
pound, and is therefore equal to a pound. 

This may further be verified by loadin^r the piston P' so as to 
exert upon the liquid a pressure amountmff to one pound. It 
will then be observed that the pistons wul just balance one 
another. In general it wUl be observed, that so long as the 
two pistons are equally loaded, whatever be the amount of the 
force acting on them, they will balance each other, and neither 
will be displaced ; but at the moment when any force is given 
to one greater than that which acts upon the other, however in- 
considerable the excess may be, that which is urged by the 
greater force will descend, and will transmit a force to the other 
which will compel its ascent. 

It therefore appears that any force whatever, which acts 
upon a square inch of the surface of the water at P, pressing it 
inwards, will produce an equal force upon the square inch of 
surface forminjg the base of the piston P', tending to force it 
outwards. It is evident that this would be equally true if the 
surface which forms the base of the piston P' were a part of the 
inner surface of the vessel, and that no aperture or cylinder 
existed at CK. It is also evident that the same results would 
be obtained, in whatever part of the vessel the aperture O might 
be placed ; and therefore we infer that every separate square 
inch of surface receives from the liquid in contact with it a 
pressure equal in amount to^e pressure which is exerted on 
the water by the piston P. \ 

v^ This important property may be further elucidated as fol- 
lows : — 

We have supposed that tlie two apertures and the pistons 
which fill them were equal in magnitude. Let us now suppose 
that the aperture O is ten times the magnitude of the aperture 
O (fig, 3.). It follows, from what has been already explained, 
that a pressure of one pound acting inwards at P wul produce a 
pressure of one pound acting outwards on ever^ square inch in 
the base of the piston P' ; and therefore the piston P' will be 
urged upwards by a force amounting to ten pounds. Accord- 
ingly, we shall find that if this piston be loaded with a weight 
often pounds, it will resist the pressure of the liquid, and will 
not suffer itself to be forced upwards in the cylinder ; but, on 
the other hand, this weight will not enable it to force the liquid 
inwards, and it will merely maintain its position. If it be load- 
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Fig. 3. 




cd with a weight greater than ten pounds, it will force the liquid 
inwards, and will raise the piston r ; and if it be loaded with a 
weight less than ten pounds, the piston P will force it upwards. 
It appears, therefore, that the pressure exerted on the ten 
square inches of surface forming the base of the piston P' is ten 
pounds, and neither more nor less. In the same manner, what- 
ever be the proportion which the base of the greater piston P' 
bears to the base of the lesser piston P, in exactly the same 
degree will the force transmitted by the liquid from P to P' be 
mmtiplied. 

There are some circumstances which impair the accuracy 
with which the practical results of the experimental illustrations, 
conducted in the manner just described, represent the conclu- 
sions at which, by reasoning, we have anived. That the pis- 
tons P, P' may move in the cylinders so as not to allow the 
liquid to escape between them and the inner surface of the tube, 
it is necessary that they should press upon that surface with a 
certain force ; this pressure will unavoidably be accompanied 
by friction ; and, before the pressure excited on one piston can 
produce a perceptible effect in moving the other, an excess of 
force must be produced sufficient to overcome tiie friction of 
both pistons. Thus, in Jig, 2., if the pistons be equally loaded, 
a small additional weight on either will not always cause the 
other to ascend ; it will only do so when its force exceeds the 
amount of the resistance occasioned by the friction of the 
pistons. 

This inconvenience may be removed by applying the pressure 
on the surface of the liquid at O and O' by some means which 
will not be attended with perceptible friction. Such means are 
easily found ; and although they may at the first view appear to 
confirm the theory by a more indirect process, yet, when duly 
considered, it will be perceived that the method is not only di- 
rect, but more satisfiictory than the former. 

(4.) Let us suppose the pistons P, P' removed firom the cyl- 
inders, and let circular plates, so formed that they shall exaxjtly 
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cover the apertures O, O, turn upon rods which extend acroM 
the holes, so that, being turned upon these rods, they will in 
one position completely stop the apertures, their flat faces beinff 
presented to the liquid, as m ^. 4. ; while in another position 
they will leave the apertures open, having their edges turned 
towards the liauid, as in ^. 5. Thus, in the posiUon repre- 
sented in Jt^. 4., all communication between the liquid in the 
vessel aiid toe external part of the cylinder is cut off, while in 
the position represented in Jig. 5. there is a free communica- 
tion. 

First, let the two valves V, V, be closed, as injig. 4., and let 
one pound of oil be poured into the cylinder C. It is evident 
that the valve V will now sustain a pressure of one pound ; and 
if that valve were removed, as the oil would not mix with the 
water, but rest upon it, the water would sustain the same pres- 
sure. Let tiie valve V be turned till it assumes the position 
represented in^. 5. : the weight of the oil will now press upon 
the surface of the water ; and, as there will be no sensible fric- 
tion between the oil, and the surface of the cylinder, an undi- 
minished pressure of one pound will be transmitted to every 
square inch of the surface of the vessel, and, among others, to 
the surface of the valve V, which will be pressed upwards with 
a force of that amount That the valve V is pressed by such a 
force may be made manifest as follows : — ^Let a pound of oil be 
poured 'into the tube C: this will press upon the valve V with 
a force of one pound; and if the valve V be turned into the 
position represented in Jur. 5., the same pressure will act upon 
the surface of the water below. It will then be observed that 
this surfaxse will maintain its position, neither forcing the oil 
up, nor being forced down by it. If less than a pound of oil 
had been poured into the tube C, the pressure of the water be- 
low would prevaU, and its surface would rise in the tube ; and 
it would only be restored to its former position by pouring in 
so much more oil as would make the weight of the whole one 
pound. If still more were poured in, the pressure of the ofl 
would prevail, and the surface of the water would sink in the 
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tabe. Thus it appears conclusively, that a pressure of one 
I exerted at V is transmitted undiminished to V ; and in 



Fig.^' 



Fig. 6. 




the same way is transmitted to every square inch on the surface 
of the vessel. 

(5.) By the same reasoning it may be shown, that if the cylinder 
C were greater than C,it would require a proportionally great- 
er weight of oil to resist the ascent of the water, and we ^ould 
arrive at the same conclusions as we have obtained respecting 
the piston represented in^. 3. 

(6.) By this singular power of transmitting pressure, a fluid 
becomes, in the strictest sense of the term, a machine^ and one 
of unequalled simplicity and almost unlimited power: as such, 
it is amenable to all the laws, and fulfils all the conditions, to 
which ordinary machines are subject. The surprising effects 
which are consequent on the property of liquids which we have 
just explained, exhibited under various forms, which we shaU 
presently have occasion to notice more particularly, have ac- 
quired for it the name of the "hydrostatic paradox." But, in 
truth, there is nothing in tliese effects more deserving the title 
of paradox than those which attend every machine. In various 
parts of our treatise on Mechanics, and more especially in the 
twelfth chapter of that volume, it has been proved that there is 
nothing paradoxical, or repugnant to the results of common ob- 
servation, in the effects produced by machinery. We shall now 
endeavor to show that the same principles are applicable, and 
the same explanations satisfactory, when a liquid is used as a 
machine ; that is, as a means of transmitting force from one 
point to another. 

A force of a pound acting on the piston P,^. 6., holds in 
equilibrium a force of ten pounds acting on the piston P'. In 
this case, however, it must not be supposed that the pistx>n P 
supports the ten pounds which press down the piston P' : the 
bottom of the vessel sustains by its resistance nine of the ten 
pounds acting on the piston P', and the remaining pound alone 
IS resisted by the piston P. 

The circumstances attending the action of these forces differ 
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in nothinff from t^ose of a lever of the first kind, supporting a 
weight of ten pounds on the shorter arm, halanced hy a weurht 
of one pound on the longer arm. The liquid performs the office 
of the bar, by transmitting the effect of the lesser weight to the 
greater; and the surfaces of the vessel which contains the 
Squid perform the office of the fulcrum, by sustaining both the 
power and weight* 

If the piston P be used to raise the piston P', instead of 
merely supporting it, what has been regarded as paradoxical 
in the process may likewise be explained almost in the same 
words which have been used in explaining several machines in 
our treatise on Mechanics. If the piston P be made to descend 
one inch, a quantity of water which occupies one inch of the 
cylinder C will be expelled from it ; and as the vessel A B C D 
is filled in every part, and its sides cannot vield, the piston P' 
must be forced up until room be obtained for the water which 
has been expelled from C. But as tho cylinder C b ten times 
larger than the cylinder C, the height through which the piston 
P' must be moved to obtain this room will be ten times less 
than that through which the piston P was caused to descend. 
Thus, while one pound on the piston P was moved through one 
inch, a weight of ten pounds on the piston P' has been moved 
through the tenth of an inch. By repeating this process ten 
times, we shall move ten pounds on the piston P' through a 
height of one inch, by ten distinct efibrts, each of which moves 
one pound through one inch. The force expended, and the 
effect produced, is therefore the same as if the weight of ten 
pounds, with which the piston P' was loaded, were divided into 
ten equal parts, and these parts severally raised by ten distinct 
efforts through the height of an inch. The force, therefore, 
expended to produce a given effect is the same as if no ma- 
chme was used.t \ 
X* ^7.) It is not the least surprising circumstance in the history 

•^fl ♦ Mechanics, (941.) t n>id. (996.) 
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of physical science, that this property of liquids, though lon^ 
known, and, indeed, the suhject of curious observation, should 
have continued, until a comparatively recent period, a barren 
fact. The engine known by the name of the htdrostatic or 
HYDRAULIC PRESS, and sometimes, from the name of the engi- 
neer who gave it its present form, and brought it into general 
use, bramah's press, is nothing more than a simple and direct 
practical application of the property which we have just in- 
vestigated. 

A small cylinder, C,Jif. 7., is furnished with a piston or plug, 
A, which moves, water tight, in it ; at the bottom of this cylin- 
der there is a valve, B, wmch opens upwards and communicates 
with a tube below, which descends into a vessel or reservoir of 
water. In the side of the cylinder C there is a narrow tube, 
D, inserted in the cylinder, and communicating at E with an- 
other cylinder, C, of much greater dimensions. In this cylin- 
der there is a large piston, A', the rod of which is directed 
against whatever object the machine is intended to sustain or 
move. We shall at present suppose it applied to an ordinary 
press : 6 H I E represents a strong iron frame, and F a square 
plate movable in it and resting on the piston rod. As the pis- 
ton rod is moved up, the plate P is forced up towards the top 
of the press H I, so that any substance placed between the 
plate F and the top H I is submitted to pressure. In the tube 
V E there is a valve, O, which opens towards the great cylinder 
O ; and in the same tube there is a stop-cock, P, by which a 
communication with the cistern below may be opened and 
closed at pleasure. 

The rod of the small piston A is connected at X with a lever, 
L M, which plays upon a fulcrum at M. The press is worked 
i)y raising and depressing alternatelv the lever at L, and the 
process is effected as we shall now describe. 

Suppose the water, if there be any in tiie cylinder C, is dis- 
charged into the reservoir by the cock P, which is then closed ; 
the piston A' will then fall to the bottom of the cylinder. Let 
us also suppose that the piston A is at the bottom of the cylin- 
der C. If the lever L be now raised, the piston A will be ele- 
vated, and the space below it in the cylinder, being free from 
air, the atmospheric pressure* will force the water in tiie reser- 
voir up through the valve B so as to fill the cvlinder C : this 
water cannot return through the valve B, since that valve opens 
upwards, and the weight of the water above it only keeps it 
more firmly closed. Let the lever L be now depressed : the 
water below the piston A will be forced through the valve O, 
and through the tube D E, into the great cylinder C. Let thifl 

* Thii elTeet will be •splained in Pneamatiest 
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process be continued until the space in the great cylinder below 
the piston is completely filled with water: when that ia accom- 
plished, the pressure of tiie piston A will be transmitted to the 
piston A', multiplied in the proportion of the maffnitude of the 
piston A' to that of the piston A (3.). Thus, if uie magnitude 
of the piston A' be a thousand times that of A, a pressure of 
ten pounds on the piston A will produce a pressure of ten 
thousand pounds on the piston A^ During tne operation of 
the machine, at the intervals of the ascent of the piston A, its 




action on piston A' is suspended ; and if the tube of communi- 
cation D E were open, the piston A' would press upon the valve 
B during every ascent of the piston A, and would resist the 
entrance of water into the small cylinder, and thus the operation 
of the machine would be obstructed : but the valve O, opening 
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towards the great cylinder C, prevents this, and perfbnns, in 
some degree, the office of a ratchet-wheeL* The water having 
once passed this valve cannot retom ; and while the piston A 
is being raised, this valve sustains the pressore transmitted by 
the great piston A'. Thus the ffreat fuston, being once raised 
through any space, cannot recoiL 

When it is required to release the substance which is sub- 
mitted to the action of the press, it b only necessary to open 
the screw valve-cock P. The water will be forced by the 
weight of the sreat piston A' through the tube E, and passing 
through the tube of communication to which it is admitted by 
the open stop-cock P, it will be discharged into the cistern from 
which it was originally raised by the pump A B. 

The mechanical efficacy of the lever LM adds to the power 
of this machine. We have seen that a force of ten pounds 
acting on the small piston will produce a force of 10,000 pounds 
on the great one ; but if the greater arm L M of the lever be 
ten times the length of the shorter arm M X, then a force of 
one pound at L will produce a pressure of ten pounds at X,f 
and therefore, also, at the base of the piston. Under these 
circumstances, therefore, it iq)pear8, that a moving power of one 
pound will produce at the working point an effect equal to 
10,000 pounds. With such a macmne the hand of a child, ap- 
plied at L, would break a bar capable of sustaining many tons. 

It is evident that the power of this machine depends partly 
on the proportion of the magnitudes of the two pistons, and 
partly on the leverage of the arm L M. By varying these pro- 
portions in the construction of the press, it may be adapted to 
any required purpose, and may receive any degree of power. 
The arrangement of the parts may also be varied, but the 
principle of action is always the same. 

The great advantage which this press possesses over those 
wluch are worked by a screw is obvious. Between solids and 
fluids there is little or no friction ; and, accordingly, in the 
hydrostatic press no force is lost by friction, except what is 
necessary to overcome the friction of the pistons in the cvlin- 
ders. On the contrary, of aU machines, the screw is that whose 
action is most impeded by friction, and in every screw-press 
the moving power is robbed of a large portion of its efiicacy by 
this cause. 

(8.) The apparatus commonly called the hydrostatic heUows is 
another form under which the hydrostatic paradox is frequently 
presented. Two flat boards, B C and D E, /^. 7., are united 
Dj leather or flexible cloth, A. A short tuhe communicates 
with the interior of the bellows, and terminates in a stop-cock, 

• 0f e MeohaniM, (958.) t n>id. (235.) 
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by which the liquid with which the bellowi are occssionallT 
filled may be discharged. From thia abort tube a lonfftube T 
rises perpendicularly, and terminates in a ftinnel F. The up- 
per board B C is loaded with weights W, which press it against 
the lower board D £ ; the cloth which unites them being col- 
lected in folds between them. If water be now poured into the 
funnel F, it will descend through the tube, and enter between 
the boards. By continuing to supply water to the fimnel^ a 
column will be maintained in the tube, which by its weight 
will press upon the water contained between the boards, and 
will thereby sustain the weights W. As the supply is contin- 
ued, these weights will be gradually raised as far as the magni- 
tude of the leiSher which unites the boards will permit 



Fig.r 



r 

Y 







In this case the weight of the column of water in the tube T 
performs the part of the smaller piston in the hydrostatic press, 
while the upper board, loaded with the weights, sustains the 
effect on the greater piston. If the section of the tube T haye 
the magnitude of one square inch, and the upper board B C 
have a sur&ce of 1000 square inches, then a column of water 
in T weighing one pound will sustain a weight on the board 
amounting to 1000 pounds. This may be explained in the same 
manner, and nearly in the same words, as were used respecting 
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the action of the hydrostatic press. If the funnel be removed, 
and six men stand on the board B C, one of them, blowing 
into the tube T with his mouth, may produce a sufficient pres- 
sure on the column of water, to raise the board and its loaid. 
Fig. 8. (9.) If a long narrow tube A, Ji^, 8., be inserted 
perpendicularly into a vessel B, filled with water, 
the weight of a few ounces of water may be so ap- 
plied as to burst the vessel, whatever be its strength, 
provided the tube be sufficiently long and narrow. 
This will be easily understood upon the principles 
already explained. Let us suppose that the magni- 
tude of the bore of the tube is the hundredth part 
of a square inch, and that it ascends peroendicular- 
ly, to such a height above the vessel mat it may 
contain an ounce of water, that part of the water in 
the vessel which is immediately under the mouUi of 
the tube will receive a pressure of one ounce from 
the incumbent column. The magnitude of the mouth of the tube 
being the hundredth of a square inch, it follows, from what has 
been already proved, that every hundredth part of a square inch 
in the surface of the vessel will sustain a pressure of one ounce, 
and therefore every square inch will sustain a pressure of 100 
ounces. A square foot contains 144 square inches, and there- 
fore every square foot will sustain a pressure of 14,400 ounces 
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or 900 pounds. Hence, if the baae of the vewel meaMie nine 
square feet, and its aides thirty-six souare feet, and its top nine 
square feet, we shall have a total surface of 54 square feet, each 
square foot bearing a pressure of 900 pounds, and the whole 
surface sustaining a pressure, tending to burst the vessel, 
amounting to more thim twentv-one t<uis, and this enonnous 
force is produced by the mechanical modification which the 
weight of one ounce of water underjg^oesT^ 
X (10.) The property of liquids, which has oeen under conrid- 
eration, points them out as an easy, simple, and effectual means 
of transmitting force to any distance, and under circumstances 
in which other mechanical contrivances would be totally inap- 
plicable. It is only necessary to carry a tube filled with a liqmd 
nrom the point where the force originates, to the point to which 
it is to be transmitted ; and as the shape pr position of the con- 
necting tube or pipe does not affect the propertv of the fluid 
which it contains, there is scarcely any conceivable impediment 
which can prevent the transmission of the force firom the one 
point to the other. A pressure excited on the liquid at one end 
of the tube, will be communicated to anv surface in contact 
with the liquid at the other end, whether tne tube between the 
two extremities be straight, curved, or angular, or whether it 
j»ass upwards, downwards, or in an oblique or horizontal direc- 
tion. It may be carried through the waits of a building, through 
the course of a river, under, over, or around any obsfuction or 
impediment, or, in fact, according to any course or direction 
whatsoever. If a tube filled with water extended from London 
to York, a pressure excited on the liquid at the extremity in 
London, would be instantaneously transmitted to the extremity 
at York. It has been suggested, that such means might be 
used for telegraphic communications, in situations where the 
frequency or importance would justify the expense of laying 
down pipes or tubes. An ingenious person in this country has 
tried the experiment with this view, and has laid down several 
miles of pipe for the purpose. Such a method of communica- 
tion would have the advantage of being independent of those 
accidental interruptions to which lights, signaLs, and other simi- 
lar contrivances are exposed. 

(11.) The power of liquids to tmnsmit pressure has been pro- 
posed to be applied to surgical ourposes by Dr. Amott It 
would indeed seem to be peculiarly applicable in cases where 
it is necessary to produce a pressure on some internal part, 
which cannot be approached except by a tube or channel, 
through which an instrument cannot be safely or conveniently 
inserted. Dr. Amott considers that a liquid might be conveyed 
through a flexible tube, so shaped, that when filled by the liquid, 
the proper degree of pressure will be excited on those parts 

Digitized by LjOOQ IC 



16 A TREATISE ON HTDR08TATIC8 CHAP. II. 

which reqtdre it An account of these instruments may be seen 
in Dr. Arnott's work on Physics. 

(12.) The animal economy pre^nts innumerable examples 
of the power of fluids in transmitting pressure. The bones and 
harder parts of the body furnish a beautiful example of a struc- 
ture, in which every leading principle of mechanics, commonly 
so called, is iUustrated. The fluids, in like manner, exhibit 
equally apt illustrations of the principles of hydrostatics. The 
heart, the fountain from which the blood is supplied to all parts 
of the system, is an instrument possessing great power of ex- 
pansion and contraction : by exciting a pressure upon the blood. 
It impels that fluid into the arteries, pressing forward what has 
already filled them through proper channels of communicatioii 
into the veins. These various pipes and conduits are formed 
of an elastic material, capable of continuing the pressure com- 
menced at the heart, and thus urging forwud the stream of li- 
quid, until its circulation is completed. 

As in the pipe D E,^. 6., of the hydrostatic press, valves are 
provided in proper places in the various tubes through which 
the circulation is carried on. These valves are so contrived, 
that the blood is admitted to pass freely in obedience to the 
impulse it receives from the muscular pressure ; but when that 
pressure is intermitted, the fluid cannot return, and the resist- 
ance of the closed valve supplies the place of the moving power 
whose action is suspended. 

The muscular power of the heart to excite a pressure on the 
blood is placed in a very striking point of view, by an experi- 
ment recorded in a work by Dr. Hales, called Statical Essays. 
A perpendicular tube is made to communicate with the blood 
of one of the arteries of an animal. The blood bein^ no longer 
confined, rushes into the tube, and ascends to a height above 
the level of the heart, which is proportionate to the pressure 
which it receives. This height necessarily varies in difierent 
a nim als ; in the larger and more powerful species, it is much 
greater than in the smaller ones. In the case of a horse, the 
column will ascend to about ten feet above the heart The 
pressure to which it is subject in the veins is much less than in 
the arteries. Dr. Hales round that, in the human body, the 

})ressure of the arterial blood was capable of sustaining a co- 
umn eight feet in height, and amounted to four pounds on tiie 
square mch ; while the pressure of the venous blood did not 
exceed a quarter of a pound on the inch, and only sustained a 
eolunm six inches in height 
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OF THE PRfiSBUU PRODUCKD BT THB WEIGHT OF A UQI/JD. 

PR£S5URX PROPORTIOHAL TO TBB DKPTHv— PRXUURB OH TRX HORt 
ZONTAL BOTTOM AND PERPENDICULAR tlDBS OP A VRMBL^— BZ 
PXRIMENTAL PROOFS OF THX PROPKRTT.— ^OTAL PRXttVRX ON 
THX PXRPXNDICVLAR BIDE OF A TXttEL COMPUTXDd^BHBANK- 
MXHTS, DAMS, AND PLOODOATXS^^MXTMOD OP COMPUTINO THB 
TOTAL PRXSSURX ON THE SURFACE OF A TXSSXL OF ANT SRAPB. 
—-XXAMPLX8.— GLOBE.— CUBE^— VARIOUS EFFECTS PRODUCED BT 
THE PRESSURE OF LIQUIDS AT GREAT DEPTHS.— CORK FORCED 
IHTO A BOTTLE.-^WATER FORCED INTO THE PORES OF WOOD.^* 
I.IQUID8 NOT ABSOLUTBLT INCOHPBBSSIBLB.— BXPBRIHENT TO 
PROVE THIS. 

(13.) Iif the investigation contained in the last chapter, the 
effects of the weight of the liquid itself were left out of con* 
flideration, and it was merely regarded as a machine by which 
other forces might be transmitted and modified. In the same 
manner, however, and upon the same principles, as it transmits 
and modifies other forces, it conveys the effect of its own 
weight through the dimensions which it occupies in the vessel 
which contains it This weight exerts a certain pressure on 
every part of the surface of the containing vessel with which it 
is in contact The total amount of this pressure, as well as the 
portion of it which each part of the surface sustains, is to bo 
inferred from a consideration of the weight of the liquid, \\a 
power of transmitting pressure, and the peculiar figure or shape 
of the vesseL It may, however, here be observed, generally, 
that the efiect is totally different from that which would bo 
produced by a solid. 

(14.) There is one general principle by which the pressure 
of a bquid on the sunace of the vessel which contains it mav 
always be ascertained. Each part of the surface of the vessel, 
in contact with the liquid, sustains a nressure equal to the 
weight of a column of uie liquid, whose height is equivalent to 
the depth of the part of the suiface of the vessel m question 
below the surface of the liquid contained in the vesseL The 
truUi of this general principle will be apparent, by considerin|r 
it, first, in the more simple and obvious cases, and tracing it 
thence to the more complex and difficult ones. 

Let ABC, fig* d., be a lon^ square pipe in a perpKBndicular 
of whose sides is an inch broad. T" ' 



position, each of whose sides is an inch broad. The base B C, 
therefore, is a square, each of whose sides is an inch. Suppose 
this base to be closed by a flat bottom, and let water be noured 
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jPig. 9. into the pipe until it attain an elevation B'C one inch 
above the bottom of the pipe. The liquid will now 
|A be in contact with a square inch of suiface on eacli 
of the four sides, besides the square inch of surface 
which forms the bottom. Let a flat plate, cut into 
the shape of a square inch so as to fit the tube, be 
now conceived to be introduced into it, and placed 
immediately on the surface of the water, and in con- 
Hq tact with it If any weight, as 10 pounds, be placed 
1 upon tills plate, the liquid below will transmit a pres- 
J , sure often pounds to every square inch of the pipe 
|b with which the water is m contact, and therefore 
I the bottom, and each of the four sides, will several- 
^ ly sustain a pressure of ten poimds.* This is obvi- 
ous from what has been so fully explained in the 
last chapter. 

If the plate and the weight with which it is supposed to be 
pressed be removed, and ten pounds of water be poured into 
the pipe, the water below the level WC will suffer exactly the 
same mechanical pressure as was before exerted by the plate 
loaded with the weight, and this pressure will be transmitted 
in the same way to 3ie surface of the tube, by the water below 
FC. It thus appears that a perpendicular column of water, 
wei^iing ten pounds, standing above the level B'C, will press, 
not only on the bottom of the vessel, but on the sides immedi- 
ately below WC, with a force amounting to ten pounds. 

What ha^ been proved of the column of fluid, above the level 
B'C, will b^ equally true of any other part of the column of 
fluid contained in the tube. Thus the column of fluid above 
the level B"C", will communicate a pressure to every square 
inch of the surface of the vessel below that level, amounting 
to its own weight. 

To render the explanation more clear and simple, the section 
of the pipe has been here supposed to be square, and its magni- 
tude to be one inch ; but a little attention and consideration 
will show, that the same reasoning, with slight changes, will 
be applicable, whatever be the magnitude of the vessel, and 
whatever be the shape of its base. If any part of the column 
is supposed to be removed, and a flat plate fitting the vessel, 
and loaded with a weight ecjual to that of the water removed, be 
introduced, the force of this weight will be transmitted by the 
water below, with undiminished energy, to every part of the 
surface of the vessel with which it is in contact. Each portion 
of the surface of the vessel, which is equal in magnitude to the 
surface of the plate, will sustain a pressure equal to the force 

* They will severally sustain a preuuie of ten pouada in addition to the pret' 
•ore retaking from the weight of the fluid itaelf.— Am. Ep, ^ » 
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with which the plate presses on the water. When the plate k 
removed, and replaced by an equivalent weight of water, the 
jnane effect will be continued. X 
TC, (15.) It therefore appears geherally, that in every vessel 
whose sides are perpendicular, and whose bottom is horizontal, 
whatever bo its shape in other respects, the pressure on the 
bottom will be equal to the whole weight of the fluid which it 
contains, while the pressure on each s<^uare inch of the perpen- 
dicular sides will foe equal to the weight of a column or the 
liquid, whose base is a square inch, and whose height is equal 
to the depth of the part of the surface of the vessel m question 
below the upper surface of the liquid in the vessel. 

(16.) It appears from what has been stated, that not only the 
surface of the vessel which contains a liquid, but likewise every 
part of the liquid itself, sustains a pressure from the weight of 
the liquid above it, and this pressure is regulated by the samo 
law. If any portion of the liquid be selected at any given 
depth below the surface, that portion is pressed equally m every 
possible direction h^ the surrounding fluid, and the amount of 
the pressure which it thus sustains is the weight of the column 
of fluid perpendicularly above it This may be easily deduced 
from considering the property of liquids explained m the last 
chapter. It is evident that a part of the fluid, taken any where 
within its dimensions, sustains a downward pressure from the 
weiffht of the incumbent column ; but it transmits this pressure, 
by ttie property just alluded to, in everv direction around it ; 
downwards, laterally, obliquely, &c. Now it is clear that it 
must encounter an equal pressure in all these directions ; for 
if it did not, it would move away in that direction in which its 
force was unresisted ; but as no such motion takes place, and 
as the particles of the fluid remain at rest, it follows that they 
are maintained m these places, by forces pressing them equally 
jPig jQ, on every side and from every possible direction, each 
j^fl^ of which is equal to the weigrht of the perpendyicular 
~ column of fluid above the particle so pressed. 

(17.) This property may easily be reduced to experi- 
mental proof. Let A B,^. 10^ be a strong metal cvl- 
inder, having a metal bo^m at B, but open at A : in this 
let a spiral spring be inserted, bearing a circular plate 
C, which moves water-tight within the cylinder, so that 
a force applied to the plate C will overcome ti^e elas- 
ticity of the spring, and cause the plate to move into the 
cylinder towards B. The farther the plate advances 
within the cylinder, the more powerful the elastic force 
of the spring will become, and the ffreater will be the 
force necessary to prevent ite recoil. The amount of 
\ force necessary to press the plate to any proposed depth 
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in the cylinder, may be determined by experiment ; and it is not 
difficult to provide a means of registering the depth within the 
cylinder, to which the plate may nave been forced on any oc- 
casion, when the presence of an observer is rendered impossi- 
ble. If such an instrument be plunged in a liquid to any 
depth, the pressure exerted by the fluid will force in the 
movable plate ; and, upon observing the instrument when 
drawn out, the amount of the pressure will be known from 
the space through which the plate was forced into the cyl- 
inder. If the instrument be successively immersed to depths 
of 1, 2, and 3 yards, it will be found that the pressures 
which have acted on the spring, are in the proportions of the 
numbers 1,2,3, and are equal to the weights of columns of the 
liquid whose heights are respectively equal to the depths of 
immersion, and whose bases are equal to the movable plate. 
The fact that the pressure is proportional to the depth, and 
equal to the weight of the incumbent column, is thus conclu- 
sively establishef 

That this pressure is exerted equally in every possible direc- 
tion, may be shown by giving the instrument, at the same depth 
successively, diiSerent positions. If it be first immersed with 
the end A presented upwards, and the distance observed through 
which the plate is forced in, and then successively immersed 
to the same depth with the end A presented downwards, side- 
ways, and in any other direction, it will always be observed 
that the distance through which the plate is forced by the pres- 
sure of the liquid will be the same ; indicating thereby, that the 
pressures in all those directions are equal. 

(18.) This important law may be established experimentally 
bv a more easy and scarcely less direct method. Let four 
glass tubes, T,J%. ]!., be provided, open at both ends, and let 



F^. 11. 



text 




one end of the first be straight ; of the second, turned upwards ; 
of the third, turned sideways ; and of the fourth, turned in an 
oblique direction. At these ends let stop-cocks be placed, 
which may be opened and closed at pleasure. These cocks 
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being closed, let all the tubes be immersed to the same depth 
in a vessel of water. The water will then press a^fainst each 
of the cocks with a certain force, the amount of which it is re- 
quired to ascertain. We shall suppose the bores of the tubes 
to be equal, although that circumstance, as will hereafter ap- 
pear, cannot affect the result of the experiment.* Let us 
suimose the diameter of the bores of each of the tubes to be 
half an inch. 

The water, at the depth to which the tubes are immersed, is 
in this case acting against a circular surface, of the diameter 
of half an inch at each stop-cock. If the several stop-cocks be 
now opened, the pressure will cause the water to rush into the 
tubes, in the first ui)wards, in the second downwards, in the 
third sideways, and in the fourth obliquely. It will continue 
to flow into each until the weight of the column, which has 
risen in the tube, is sufficiently great to resist the pressure at 
its extremity. When that takes place, and not until then, the 
water will cease to flow into the tube. It will be observed, 
that in each tube the water will rise until it has attained the 
level of the water in the vessel, and it will then cease to flow 
It follows, therefore, that the pressure of the fluid at the ex« 
tremity of the tubes is equal to the weight of a column df the 
fluid, which extends perjMBndicularljr from their extremities to 
the surface ; and since the water will always rise to the level 
of the fluid in the vessel, whatever direction may be given to 
the lower extremity by bending the tube near ihit point, it fol- 
lows, that at the same depth the pressure in every possible 
direction is the same. 

In this mode of illustration it will easily be perceived, that 
the column of water which is sustained in the tube performs the 
part of the stop-cock, with respect to the water which presses 
in at the orifice below, and that the weight of this column ex- 
activ balances this pressure. 

There will be no difficulty in seeiiur how this experiment 
may be generalized. The tubes may oe of any magpitudes, 
whether equal or unequal, and still the water will rise in them 
to the level of the water in the vessel ; and the same will hap- 
pen whatever be the liquid used. The pressure exerted at any 
depth below the surface is always equal to the weight of a 
commn of the liquid whose height is equal to the depth, and 
whose base is equal to the surface, over which the pressure is 

-* Wh«n the boxei of th« tnbei un unequal, and tome of them ▼eiy raiall, c»- 
pUlwy aotion will Mnnbly affect the leiult^ in a manner depending upon the na- 
ture of the fluid. The elevation or depreuion of the flnid in the emaller tnbe, 
depend* upon the relation which eabfiate between the action of the tube on tlie 
ifaud, and the motnal action of the paiticlee of the fluid. By a eompleU aoahreif 
of all the Ibroee concerned, it may be shown in what manner their oppoelte eAott 
may be produced.— Am. £0. - 
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extended. The quantity of liquid whose weight ezpreises this 
pressure, may always foe determined arithmetically, by mulu- 
plying the number of inches in depth below the surface of the 
liquic^ by the number of square inches in the surface on which 
the pressure is exerted. The product of these numbers will 
be the number of solid inches of the liquid, whose weight is 
equal to the pressure. It must, however, be understood, that 
in this mode of calculation, the surface pressed is supposed to 
be horizontal, or if it be oblique, its dimensions must be very 
small, compared with the depth. 

The following experiment furnishes another illustration of 
the property by which the pressure of a liquid increases with 
the depth : — ^Let a bladder be attached to the extremity of a 
glass tube, and let it be filled with mercury to a small height 
above the point where it is attached. Let equal small divisions 
be marked upon the tube, beginning from the surface of the 
mercury. If the bladder thus filled be immersed in a vessel of 
water, the pressure of the surrounding liquid will cause the 
mercury to ascend in the tube. Let it be immersed to such a 
depth that the mercury wDl rise through one division of the 
tube, and let the depth of immersion be observed ; let the tube 
be then immersed to twice that depth, and the mercury will be 
observedv to rise through another division. Bein^ immersed to 
three times the depth, it will rise to a third division, and so on. 
It therefore appears that the pressure upon the bladder increases 
in proportion to the depth. 

(19.) Concluding, then, that every part of a liquid suffers and 
transmits a pressure, arising from ti^e weight of the incumbent 
liquid ; that this pressure is always proportional to the depth, 
and is equally exerted in every direction ; we may easily obtain 
theorems respecting the pressure sustained by the surface of 
vessels which contain liquids, of a much more general Rature 
than those which have led to the preceding investigation. 

Whatever be the shape of the vessel which contains a liquid, 
each square inch of its surface sufifers a pressure equal to the 
weight of a column of the liquid, whose base is a square inch, 
and whose height is the depth of that part of the surface of the 
vessel below the surfticc of the liquid. This follows immedi- 
ately from the principle which has just been established ; for the 
liqmd which is in immediate contact with any part of the sur- 
fkce of the vessel, sustains a pressure in a direction perpendic- 
ular to that surface, to the amount just mentioned ; and it is 
evident that the surface must balance and resist that pressure. 

B^ the aid of the peculiar language and symbols of mathe. 
matical science, general rules or formularies may be given, by 
which the whole pressure of a liquid on the surface of a vessel 
of any proposed figure may be computed. Although great 
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practical fkcility» not only in calcolationf bot alio in retfomng, 
may be derivea from tbe use of such formoltt, yet they most be 
understood to express nothing more than what has been already 
explained. The method by which they express it is, however, 
attended with great convenience, and affords considerable ad- 
vantage in the application of the general principle to particolar 
cases. X 

V{20.) An obvious consequence of the property now explained 
M, that the pressure produced uj^n the simaces of the vessel 
containinff a liquid, can never in any case be less than the 
weight of the liquid, but will not unfirequently amount to many 
times that weight Since the general methods of determining 
the pressure on surfaces do not admit of fiuniliar explanation, 
we shall endeavor to explain the principlo hj its application to 
such particular cases as can be rendered mtelligible wiUioot 
mathematical sjrmbols. 

(21.) If the surface which sustains the pressure be horizontal, 
every part of it, being at the same depth, will suffer the same 
pressure. In this case, therefore, it is evident that the total 
pressure which the surface sustains is the weight of all the 
liquid which is perpendicularly over it, or, what is the same, the 
weight of a column of the liquid, whose base is equal to the 
surface, and whose height is equal to the depth. 

{^) If the surface which suffers the pressure be not hori- 
zontal, its several parts will be at different depths, and, there- 
fore, will suffer different pressures. If a point could be found 
whose depth is an average of all the different depths, then the 
total pressure would be the same as if the whole surface were 
uniformly subject to the pressure sustained by this point, and 
the total amount of the pressure would be equal to tne weight 
of a column of the liquid, whose base is equal to the surface 
wessed, and whose height is equal to the depth of that point 
This will, perhaps, be more clearly comprehended by particular 
examples. 




Let A B C D, fig. 12., be a vessel with a flat square bottom 
and perpendicular sides ; and suppose it filled with water ; and 
let the side A B be supposed to be divided into ten equal parts, 
marked by the numbers 1, 2, 3, 4, to 10 : the pressure at the 
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Fig.n. 




B 

point I we shall f appose to be one pound. Tlie point 52, being 
■t twice that depth, will sustain a pressure of two pounds. The 
point 3 will sustain a pressure of three pounds, and so on, the 
lowest point sustaining a pressure of ten pounds. Since, there- 
fore, the intensity of the pressure from A to B increases uni- 
formly, the point which sustains the avenige pressure will be 
found at the middle of the depth A B. This pomt is that which 
IB marked 5. If we suppose tiie whole surmce A B to sustain 
the same pressure as iJiat which the point 5 suffere, the total 
pressure will be the samo as at present A very slight consid- 
eration of the effects will make this evident. At present the 
point 6 sustains a pressure of six pounds, and the point 4 sus- 
tains a pressure of four pounds, making a total of ten pounds. 
If these two points each sustained a pressure of five pounds, 
which is the average pressure, the total pressure would still be 
the same, ten pounds. In like manner, the point 7 at present 
sustains a pressure of seven pounds, and the point 3 a pressure 
of three pounds, which together make ten pounds. If each of 
these points sustained a pressure of five pounds, the sum would 
be the same. It is evident that the same reasoning will apply 
. to all points equally distant above and below the middle pDint 
5. The pressure on each point below it exceeds the pressvure 
at 5 by exactlv as much as the pressure on a point equally dis- 
tant above it falls short of the pressure at 5. Thus the excess 
and defect mutually compensate each other, and a general 
average is obtained. 

From what has been now stated, it appears that the total 
pressure on the perpendicular side of a vessel filled with a 
liquid, is the same as if that side were converted into a horizon- 
tal bottom, and half the depth of liquid rested on it. 

It also appears that the pressure on tiie perpendicular side is 
entirely independent of the quantity of liquid which the vessel 
contains. The perpendicular sides of a trough, when filled 
with a liquid, will sustain the same pressure whether the trough 
be wide or narrow. If the sides be separated by an interval of 
only a quarter of sn inch, and the trough contains only a quart 
of water, the pressure on the sides will be the same as if the 
■ides were separated many yards, and the trough contained 
several barrels of water. 
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(98.) If the tid^s of the vessel be perpendiculsr, and the bot- 
tom be horizontal and flat, the pressure on the sides mav be 
estimated in the same manner as above, whatever be the snape 
of the bottom. The point of average pressure is, in this case, 
alirays at half the entu*e depth below the surface of the liquid ; 
and the total pressure is the same as if this average pressure 
were uniformlv diffused over the entire surface of the sides in 
Contact with the liquid. Thus, if the vessel be cylindrical, and 
the circumference of its base be ton feet, the depth of the fluid 
in the vessel being eight feet, the total surface of the sides in 
contact with the fluid is eighty square feet The medium 
pressure is that which is sustaiped by a point at the depth of 
four feet, and, therefore, is equal to the weight of four feet of the 
liquid. Of the eighty square feet, forty ore subject to a less 
pressure than this medium, and the other forty are subject 
to a greator pressure : these two efl^ects compensating each 
other, the total pressure is the same as if the medium pressure 
were diflused over the whole eighty feet The whole lateral 
pressure is, therefore, the same as would be produced upon the 
bottom of a vessel of eighty square feet in magnitude, with per- 
pendicular sides, and containinff the liquid to the depth of four 
feet. This pressure would, in nu;t, be the whole weight of the 
fluid in the vessel, the quantity of which would be found in 
Solid feet by multipl^ngthe bottom by the depth; that is, 
eighty by four ; that is, ^20 solid feet 

(24.) The rule deduced from this example, for calculating the 
lateral pressure, is generallv applicable to all cases where the 
vessel containing the liquid has a flat horizontal bottom and 
perpendicular sides. Find the number of square feet in the 
sides below the surfa^ce of the liquid contained in the vessel ; 
multiply that by the number of feet in half the depth of the 
liquid: the product will express the number of solid feet of the 
liquid, llie weight of which is equal to Uie lateral pressure. 
The number of square feet in the sides may always be found, 
by multiplying the number of feet in the circumference of the 
bottom by the number of feet in the depth of the liquid. 

From this rule some curious ocmsequences follow. The pres- 
sure against the sides produced by the liquid may exceed in 
any proportion, however great, the whole weight of the fluid 
wMch causes this pressure. If the lateral sunace in contact 
with the fluid be double the magnitude of the bottom of the 
vessel, then the lateral pressure will be equal to the pressure 
on the bottom, and, therefore, equal to the whole weight of the 
fluid ; for, in this case, the lateral pressure will be equal to the 
weight of tiie fluid which would fill a vessel with perpendicular 
sides, having a bottom of double the size, but filled only to half 
the depth. The quantity of liquid whose weight expresses the 
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pressnre would, therefore, be the same. But if the lateral sur- 
face, in contact with it, foe more than twice the magnitude of 
the foottom, then the total pressure on the sides wul be more 
than the whole weight of the liquid contained in the vessel, in 
the proportion of the lateral suiface in contact with the liquid 
to twice the ma^tude of the bottom of the vesseL Thus, if 
the lateral surface in contact with the liquid be ten times as 
great as twice the foottom of the vessel, then the lateral pres- 
sure will be ten times the weight of the liquid contained in the 
vessel ; and so on for other proportions. 

Hence it appears, that in tall narrow vessels the lateral pres- 
sure very far exceeds the downward pressure which is equal to 
the weight Tall casks or cisterns, and tubes which axe carried 
in a vertical direction, require, therefore, to have a lateral 
strength very far exceeding that which would be necessary 
merely to support the liquid which they. contained. 

(25.) The increase of pressure proportionably with the depth, 
suggests the expediency of observing a corresponding variation 
in Uie strength of the several parts of embankments, dams, 
flood-gates, and other resistances opposed to the course of 
water. The pressure near the surface is inconsiderable, and, 
therefore, a small deffiee of strength is sufficient in the resist- 
ing surface ; but, as 3ie depth increases, the pressure increases 
in the same ratio. If, therefore, as in the case of dams and em- 
bankments, the strength depends upon the thickness, the latter 
must increase from the top to the bottom ; so that, while the 
interior surface presented to the liquid is perpendicular, the ex- 
terior surface must gradually slope, giving increased thickness 
to the dam towards the bottom, so that the section shall have 
such a form as that represented in^. 13. X 

Fig. 13. 




"^ (96.) If the side of the vessel be straight, but not perpendicu- 
lar, the pressure upon it will be determined by the same prin- 
ciples, and nearly in the same manner. The pressure will still 
be proportional to the depth, and the pomt of medium pressure 
will be a point on the side, at half the entire depth of tiie fluid. 
If, as before, the side be divided into ten equal parts, the same 
reasoning will be applicable ; for, although the depths of the 
several points of division are no longer measured along the 
side of the vessel, yet they are proportioned to the distances of 
the several points of division from that point on the side of the 
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vessel which marks the surface of the liquid Hence, in this 
case, as well as in the former, the medium pressure is that 
which affects the middle part of the depth marked 5. in J(g, 14. ; 

Fig, 14. 




and the whole lateral pressure will be obtained by multiplying 
ijie number of square feet on the sides of the vessel oy the 
number of feet in half the depth of the li<}uid : the product wiU 
express the number of solid feet of the hquid whose weight is 
equal to the total pressure.* 

In this manner, the pressure on inclined embankments, or the 
Blopine sides of vessels containing liquids, may be ascertained. 

In fig. 14. the sides of the vessel containing the Hquid are 
represented as sloping outwards, or diverg^g upwanls from 
the bottom ; and it is not difficult to conceive, that each point 
of the side will sustain a pressure equivalent to the weight of 
the column of liquid perpendicularly above it : but the same 
consequence would ensue if the sides inclined inwards or con- 
verged upwards from the bottom, as in fy^. 15. In this case, 




also, although each point of the lateral surface have not any 
column of we liquid perpendicularly over it, still it is pressed 
by the liquid in a direction perpendicular to the side, with the 
same force as if such a column were perpendicularly over it 
The cause of this may be conceived by the followinff reasoning. 
Let P be a particle of the liquid, at the same depu below the 
Buxfkce as the division markea 5. on the side of the vessel ; this 
|>article is evidently pressed downwards bv the weight of the 
incumbent column P A. But, by what has been alreadv proved, 
it must be pressed by the same force in every possible direc- 

* It if necMMfy that the udei ihould be of nnifimn width. For ezanploi tho 
abore rale could not be applied to that tido of the ▼oM^l which ii pxetontod to*. 
ward the eye in Vif, lit-*Ali. ^. 
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tion i and, therefore, it k pressed with this foarce ftom P m the 
direction of the division 5. on the side : this pressure is there- 
fore transmitted to the [particle oonti^rvKMis to the division 5. 
This point, therefore, resists that pressure ; and the same rea- 
soning will apply to every other point in the side of the vesseL 

From what lubB been just stated, it follows, that, if the sides 
of the vessel, Jjig. 14. and ^. 15., be equally inclined, but in 
contrary directions to then: bottoms, that the vessels be filled 
to equal depths, and that the magnitude of the lateral surfaces 
in contact with the water be equu, the whde pressure sustain- 
ed by the sides of the vessel will be the same, although the 
quantities of water which they respectively contain hi veiy 
different 

(27.) The pressure on the bottom of the vessel, in all these 
cases, depends only on the magnitude of the bottom and the 
depth of the liquid ; and is altogether independent of the shape 
of the sides, and of the whole quantity of liquid in the vesseL 
Thus, in three vessels, shaped as those represented in Jig, 12., 
Jig, 14., and Jig. 15., if the bottoms have the same magnitude, 
and the liquids contained in them the same depth, the pressme 
on the bottoms will be the same ; viz. the weight of the liquid 
which would be contained in a vessel having an equal bottom 
and perpendicular sides. This will be evident, if it be consid- 
ered that each point of the bottom is under the pressure of the 
column of liquid immediately above it, in the case of ig. ISL 
and^. 14. ; and the same reasoning may be extended to Jig. 
15., as already explained (26.). 

We may hence infer, generally, that the pressure upon a flat 
horizontal bottom is found by multiplying the number of square 
feet in the bottom by the number of feet in the depth of the 
liquid ; the product wUl express the number of solid feet of the 
liquid whose weight is equal to the pressure on the bottom. 
In a vessel of the shape represented in^. 14., the pressure on 
the bottom is less than the whole weight of the liquid. In a 
vessel such as that represented in Jig. 15. it is greater than the 
weight of the liquid ; and in such a one as is represented in 
flg. 12. it is equal to the weight of the liquid. 

These resi^ may be verified experimentally, by providing 
three vessels of the shapes already mentioned, having movable 
bottoms, which, when applied to tnem, will be water-tight, the 
bottoms being equal. Let the bottom be pressed against each 
vessel with equal forces, which may be done by a lever, one 
om of which is pressed upwards against the bottom, by a 
weight suspended on the other arm. Let water be now poured 
into each of the vessels, until, by its pressure, the bottom is de- 
tached. It will be observed tiiat, in each of the three vesselsi 
the deptii of water necessary to accomplish this is the same. 
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There is another method of illustrating those theorems ex- 
perimentally, which is attended with less practical difficulty 
than that just mentioned. Let the movable Dottom be pressed 
against each vessel by a strincr attached to it, and carried up 
through the vessel ; and then let the vessel be plunged in a 
cistern of water, as represented in /^. Id, until it attain such 
a depth that the upward pressure or the water under the bottom 
will be sufficient to keep Uie bottom firmly attached to the ves- 
sel. Let the string be then disengaged, and let water be pour- 
ed into the vessel until its pressure detaches the bottom ; and 
let the depth of water be observed which is sufficient to effect 
this. Let each of the three vessels be immersed in the cistern 
in a similar way, and to the same depth, as represented in^#. 
16y 17, and 16. It will be found that the depth of water neces- 



/Xr- 16. 
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sary to be poured into the vessel in order to detach the bottom 
will be the same. 

The following experiment is a very striking illustration of 
the same principle : — 

A cylindrical vessel A B, Jig, 19., has a glass tube inserted 
in it, water-tight, at a, and is provided with a movable bottom, 
which, however, fits it water-tight. This bottom is supported 
by a wire, which, passing up the tube, is sttached to the arm of 
a balance, and is counterpoised by a weight in the dish sus- 
pended from the other arm. Suppose the vessel A B now to 
be filled with water to the neck, a ; and let the tube be divided 
into parts at 6, c, d, e, each of which shall be equal to the depth 
of the vessel A B. Let a sufficient weight be put into the dish 
to maintain the bottom of the vessel A B in its place. This 
weight will be found to be equal to the weight of the water 
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Fig, 19. 




contained in the vessel AB. Thus it appears that this water 
presses down the bottom with a force equal to its weight Let 
water be now poured into the tube until it rises to the level b : 
it will be found that exactly as much more weight in the dish 
D will be necessary to maintain the bottom in its place, as was 
required to support it when the level was at a. Thus the 
column a h produces as much pressure on the bottom as the 
whole of the liquid in the vessel A B. If the tube be again filled 
to the level c, the pressure will receive another increase, equal 
to the weight of the liquid contained in A B ; and a sinular 
addition must be made to the counterpoise, in order to main- 
tain the bottom of the vessel in its place. In the same mannei^ 
each addition which is made to the column in the tube equal 
to the depth of the vessel A B will cause a similar increase in 
the pressure, and will be indicated by the necessity of giving 
a corresponding increase to the counterpoise. 

In this case the box A B and the tube must be fixed in their 
position independently of the bottom of the vessel. The force 
which sustains tlie bottom wDl have a tendency to press the 
vessel A B upwards, amounting to the excess of the whole 
weight in the dish above the weight of the bottom of the vessel, 
together with the weight of the water in the vessel and tube. 
In fact, all tiiat part of the weight in the dish which is not spent 
in supporting the bottom, and the water above it, is expended 
in producing a pressure against the top of the vessel A B, which 
tjiat vessel must be so firmly fixed as to resist n; 
^ (28.) We have hitherto supposed the sides of the vessel to 
be straight and regular ; but even though they be not, the pres- 
sure on the bottom is determined by me same rules. In the 
consequences of this principle, the hydrostatic paradox reap- 
pears under some curious forms. 
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Lot ABC Jy^Jig' 20., be a square close vessel^ with a i 
hole, O, in the top, in which a narrow tube, T O, is screwed 
water-tiffht Let the vessel A B C D, and the tube to the level 
T, be filled with water. According to the principle which has 
been just established, the ^ssure on the bottom, C D, will be 
proportional to the depth, T M ; or, in fact, will be equal to the 
weight of water which would fill a vessel of the magnitude 
E D C F. This will be the case, however shallow the vesseL 
A B C D, and however narrow Uie tube, T O, may be ; an2 
hence an indefinitely small quantity of water may be made to 
produce a pressure on the bottom of the vessel which contains 
It, equal to the weight of any quantitv of water, however greajU 

As the pressure depends only on the depth, and is independ- 
ent of the shape of the vessel, it is not necessary that the tube, 
T O, should be straight, but it may be bent or deflected into 
any irregular form whatsoever. But, whatever be its shue, 
the depth of the fluid is to be estimated by the perpendicular 
distance of the upper surface from the bottom of uie vesseL 

(29.) In the examples already given, the .sides and bottoma 
of the vessels considered have been flat surfaces, or have been 
in the perpendicular or horizontal position. The sur&ces, 
however, of vessels or reservoirs are subject to every variety 
and shape ; and it is necessarv in practical science to possesa 
rules applicable generally to all surfaces which contain liquids. 
What has been already stated with respect to the average 
pressure, is the principle which, generalized, must lead to such 
a rule. The various parts of any surface, whatever be its form, 
wUl be subject to pressures, depending on their depths below 
the surface of the liquid, all points at the same depthis suffering 
the same pressure. There is a certain {pressure, or mean of aH 
the various pressures, to which the points of the surface are 
subject ; and whatever this pressure he, it must be such, that. 
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if difibsed over the whole surface^ the total amount of the pres- 
sure on that surface will not be altered. If, therefore, this me- 
dium pressure can be found^ und the ma^tude of the surface 
in contact with the liquid oe known, the total pressure may 
immediately be obtained. Suppose, for example, the averaffe 
pressure be 15 pounds upon every square inch, and that me 
magnitude of the surface in contact with the liquid be 100 
square inches, then the total pressure will be 1500 pounds. 

The determination of the total pressure, therefore, depends 
on that of the average pressure. Now, as the pressure at each 
point is proportional to the depth of that point below the sur- 
fdice, it may be considered as represented by that depth. Thus, 
if a pressure of one pound be produced upon a square inch at 
the depth of 9ne foot, a pressure of two pounds will be pro- 
duced upon a square inch at the depth of two feet, three 
pounds at the depth of three feet, and so on ; the number of 
feet in the depth always expressing the number of pounds in 
the pressure. Hence it is obvious that the average pressure 
will be produced at the average depth; and, therefore, the 
question is reduced to the determination of the point whose 
depth below the surface is an average of the depths of all the 
pomts of the surface in contact with the liquid. By a singular 
though not unaccountable coincidence, the point which would 
be the centre of gravity of a thin sheet lying in close contact 
with the surface of the vessel, covered by the fluid, is placed at 
that depth below the surface which corresponds to the medium 
pressure. This arises from a property of the centre of gnxity 
well known to geometers, and from which that point hi^ been 
sometimes called the centre of mean distances. The centre 
of gravity of any surface is always placed at a distance from 
any plane surface, which is an average or mean of all the dis- 
tances of the various points of the proposed surface from the 
plane surface. 

(30.) To determine, therefore, the total pressure on any sur- 
face, let the position of the centre of ^vity of tiiat surfece be 
determined by the rules established m mechanics, and let its 
depth below the surface of the liquid be ascertained; then 
multiply the number of feet in this depth by the number of 
square feet in the surface of the vessel covered by the liquid : 
the product will express the number of solid feet of ihe liquid, 
whose weight is equal to the total pressure. 

Excepting the case of regular surfaces, the determination of 
the centre of gravity is a problem which connot be solved with- 
out the aid of mathematical formularies of considerable difficul- 
ty.* We shall, however, illustrate the theorem just explained 

* C«b. Cje. Meehaiiioa, chap. ix. 
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liy mosDB ezamplefly whicli we can render inteDl^ble to the 
genenl reader. 

Ijet a hollow glohe be filled with a liquid through a email 
hole in the top. The centre of mvity of the eoxface of the 
globe is evidently at its centre ; and therefore the depth of that 
point is half the diameter of the ^lobe. The total preisure wilL 
thorcfore» be found by multiplying the number of feet in half 
the diameter of the globe by the number of square feet in its 
surface. By the principles of geometry it is proved, that the 
solid contents of a globe are determined by multiplying the 
number of feet in half the diameter by a thbd part of the 
number of square feet in the surftce. Hence it appears that 
the pressure on the surface of the globe is three times the 
weight of its contents. 

If a cubical vessel — ^that is, one having a square bottom and 
four square sides, each equal to the bottom~-be filled with a 
fluid, the centare of gravity of each of the four perpendicular 
sides will be at half the entire depth of the fluid below the sur- 
face. Therefore the pressure on each side will be found by 
multii^jdnfir the number of feet in half the depth by the number 
of square feet in the side. But the entire contents of the vev 
sel are found by multiplying the number of feet in the entire 
depth by the number of square feet in any side. Hence it ap- 
pears that the pressure on each of the four sides ib equal to 
half the weight of the fluid contained in the vesseL The pres- 
sure on all the four sides is, therefore, equal to twice the 
weight of the fluid contained in the vesseL The pressure on 
the bottom has already been shown to be equal to the whole 
weight of the fluid; and therefore it follows, that the total 
pressure of the fluid on the surface of the vessel, including both 
the sides and bottom, is equal to three times the weight of the 
fluid which it contains. 

Thus it appears, that a globe and a cube, containing equal 
measures of liquid, will suffer equal pressures if filled, each 
sustaining a pressure amounting to three times the weight of 
the fluid It contains. 

(31.) If any body be immersed in a fluid, the pressure which 
its surface sustains from the surrounding liquid Lb to be deter- 
mined by the same rules, and according to the same methods, 
as are used for determining the pressure on the surface of the 
vessel which contains the liquid. Thus, if a globe be plunged 
in a liquid, the total pressure on its surface is found by multi- 
plying the number of feet %. the depth of its centre, below the 
surface of the liquid, by tiie number of square feet in its exte- 
rior surface. 

(32.) The two hydrostatical theorems which we have at 
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tempted to explain in this and the preceding chai>ter, — viz. 1. 
That Uquids transmit pressure equally in all directions ; and, fL 
That the pressure produced by tne weight of a liquid is pro- 
portional to its depth, — ^will serve to elucidate many familiar 
and remarkable phenomena. 

If an empty bottle, or rather one containing only air, be 
tiffhtly corked, and be sunk by weights attached to it *to a con- 
siderable depth in the sea, the pressure of the suiroundinpr 
water will either break the botde, or force the cork into it 
throuffh the neck. On drawing up the bottle, it will be found 
to be mled with water, and to nave the cork within it below 
the neck. 

If the botde have flat sides, and be square-bottomed, it will 
be broken by the pressure, the form beinp^ unfavorable to 
strength ; but if it be round, it will be more likely to resist the 
pressure, and to have the cork forced in. The shape in this 
case is conducive to strength, partaking of the qualities of an 
arch. 

An experiment of the nature just described was made by Mr. 
Campbell, author of " Travels in the South of Africa." On his 
^ya^e from the Cape of Good Hope homeward, he forced a 
cork mto the neck of a bottle, so thick as to fit it very tightly, 
and so that half the cork remained above the edge of tiie neck; 
a cord was then tied round the cork, and fastened to the neck 
of the botUe ; and the whole was covered with pitch. The 
botUe was connected with a weight to make it sink, and, being 
suspended by a sounding-line, was gradually let down into the 
sea. When it attained the depth of about fifty faHioms, an in- 
crease of weight was suddenly felt Upon drawing up tbe bot- 
tle, the cork was found inside, and the bottle filled with water. 
The pressure of fifiy fa^oms of water had forced in the cork, 
and filled the bottle. '^ 

Another bottle was similarly corked, but a sail-needle was 
passed through the cork across the ed^e of the neck, so as to 
resist the passage of the cork into the bottle. Thus prepared, 
the bottle was a^ain immersed to the depth of fifty fathoms, 
and the same sudden increase of weight was felt Upon draw- 
ing up the bottle, it was found filled with water, but the cork 
was not displaced. Mr. Campbell attributed this effect to the 
water being forced through the pores of the glass by the sur- 
roundinpr pressure. It is, however, sufficiently evident, that 
the liqmd obtained admission through the more open texture 
of the cork.* The circumstance ^f the cork and the pitch 

* A mort tatiafkotorT •xplanation ia, that the water enter* between the neok 
of the bottle md the aidee of ^e eoik, which ia dimioiahed ia diiuneter bf the 
lateral preatore of the inonmbent fluid,— An, Bd, 
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which covered it not being broken, aiote from the peiftetly 
equal pressure which was excited upon it in all directions,* 

The equality of the pressure which a liquid exerts in all di« 
rections is demonstrated by the fact, that, to whatever depth a 
soft or brittle substance may be immersed, it will undergo no 
change of shape by the surrounding pressure. This is an effect 
which it is obvious could not be produced by any other causo 
than a perfect equality of pressure on every part ; for if any 
part were subject to a ^ater force than an adjacent part, that 
part would be pressed mwards if the body were soft, and would 
be broken off if it were brittle. A piece of soft wax, or a pieco 
of glass not having any hollow part within it, being immersed 
to any depth in water, suffers no change. 

If a piece of wood which floats, on water be forced down to 
a great depth in the sea, the pressure of the surrounding liquid 
wm be so severe, that a quantity of water will be forced wto 
the pores of the wood, which will be sufficient to increase its 
weight, so that it will be no longer capable of floating or rising 
to the surface.f 

A diver may, with impunity, plunge to certain depths in the 
sea ; but there is a limit of depth beyond which he cannot con* 
tinue to live under the pressure to which he is subject For 
the same reason, it is probable that there is a depth below 
which fishes cannot existi 

(d3.j Liquids in cfeneral are treated ui hydrostatics as incom* 
pressible bodies ; that is, as bodies which, being submitted to 
pressure, will not suffer their dimensions to be diminished ; and 
this is true, except in extreme cases. It was long considered 
that no force whatever was capable of compressing a liquid ; 
but experiments Instituted in the year 1761 by Canton proved, 
Fig. 21. that under severe pressure they suffered a slight 
^minution of bulk : it also appeared, that upon the 
pressure being removed they resumed their former 
dimensions. It was thus established, that liquids not 
only were compressible in a slight degree, but also 
elastic.^ 

The pressure of liquids at great depths below the 
surface, furnishes an easy method of verifV^ing by ex- 
periments these results. Let A B, fig. il. be a cy* 
ijj lindrical vessel, having a round hole, C, in the top, 

* Campbell*! Tr&Teli, p. 507. Brewster's Eney. xi. p. 483. 

t Hence the timben of shipe, which have foundered in a deep part of the ocean, 
never rite again to the •unEhee, like those which are sank near the shore*— 
Am. Ed. 

X Fishes have been caught at a depth at which they must have siytained 
a pressure of eighty tons on each square Ibot of the sarihee or their bodies.^ 
Am. Bo. 

$ Cab. Cyc. Keehanies, p. 19. 
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iiiiongh which a piston^ P M, passes water-tight Let this vessel 
be completely filled with water, the piston P M being inserted in 
it Let a ring slide upon the piston, with sufficient friction to 
prevent it from falling by its own weight ; and let it be pressed 
down to the orifice C. Let the vessel now be plunged to a 
considerable depth in the sea. Upon drawing it up, it will be 
fonnd that the pressure of the surrounding water had forced the 
piston to a greater depth in the vessel ; and that the water con- 
tained in it was therefore compressed into smaller dimensions'. 
This will be indicated by the position of the ring which slides 
on the piston ; for that will be found, not at the orifice, as be- 
fore immersion, but at a certain distance above it On hems 
forced into the vessel, the piston passed through the rin^, which 
was restrained in its position by the top of the vessel mimedi- 
ately surrounding the piston. Upon drawing up the vessel, 
the removal of the pressure enabled the water contained in it 
to resume its dimensions, and the piston was forced back to its 
first position. In rising out of the vessel it carried the ring up 
with it, so that the distance of the ring firom the hole C, after 
the vessel had been drawn up, showed me space through which 
the piston had been forced in. 

This is the most convenieht practical proof of the compres- 
sibiUty of water. It likewise establishes the elasticity of^ that 
liquid ; for if it were merely compressible, without being elas- 
tic, the piston when forced into the vessel would remain in it, 
and the water compressed would continue to retain its diminished 
volume after the force which compressed it had been removed. 

The degree of compression produced by a given fcwce, may 
be found by determining the total contents of tJie vessel; the 
magnitude of a given length, as one inch of the piston ; the 
depth in the vessel to wMch the piston has been forced, and 
the depth in the sea to which the vessel has been sunk. At 
the depth of 1000 fathoms, it has been found that the bulk of 
the water contained hi the vessel is diminished by one twenti- 
eth of its original dimensions. Thus 20 solid inches of water 
will be reduced, by the pressure of 1000 fathoms of sea water, 
to 19 solid inches. 

(34.) If a fissure in a rock happen to communicate with an 
internal cavity of any considerable magnitude, placed at some 
depth below Qie top of the fissure, it may happen that rain, per- 
colating through the fissure, and thereby filling the internal 
cavity, shall split the rock. The pressure acting against the 
surface of the cavity, and tondinf to burst the rock, will in this 
case be proportionid to the depUi of tiie cavity below the top 
of the fissure. For every 28 mches in this depth, a pressuie 
of about one pound will be produced upon every square inch of 
the surface of the cavity. 
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(35.) In the constructioii of pipes for the supply of water to 
cities, it is necessary that those parts, which are much below 
the level of the reservoir from which the water is supplied, 
should have a greater strength than is requisite in those which 
are in more elevated situations. A pressure always acts upon 
the inner surface of the pipe, tending to burst it, which may be 
estimated in the manner already explained. A pipe, the di- 
ameter of whose bore is 4 inches, has an internal circumfer- 
ence of about 1 foot, afid the internal surface of 1 foot of such 
a pipe will be 1 square foot or 144 square inches. If such a 
pipe were 140 feet below the level of the reservoir, it would 
therefore suffer a bursting pressure, amounting to about 60 
pounds on every square inch of its surface, for 2d inches is con- 
tained 60 times in 140 feet ; and hence a piece of the pipe 1 
foot long will sustain 144 times this pressure, that is, a burstixig 
pressure of 8640 pounds. This pressure considerably exceeds 
that which is produced in most high pressure steam enginee. 
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CHAP. IV. 

LiaUIDS MAINTAIN THEIB LEVEL. 

XXPERIMEITTAL PROOrs. — ^VESSEL COffKECTEB WITH COMMVfflCATIirO 
TUBB.>-4BVERAL VESSELS BBTWEEK WHICH THERE IS A FREE COM- 
HDNICATION.— HTUR08TATIC PARADOX BXPLAIRED BT THIS PRIRCT- 
PLE. — SURFACE OF A LIQUID LEVEL.^-WHT THE QUALITY DOES ROT 
EXTE5D TO SOLIDS.— SURFACE OK THE LARD.— SURFACE OF TH» 
SEA. — CURIOUS OPTICAL DECEPTIOR IW WAVES. — SIMILAR PROPER* 
TV IK REVOLVIWO SCREW.— K)RRAMEirTAL FOURTAIIT CLOCKS.— 
PHENOMSRA OF RIVERS, SPRINGS, WELLS^CATARACTS, EXPLAIITED.—- 
CARALS, LOCKS. — METHOD OF SUPPLTINQ WATER TO TOWRS.F— EXACT 
SENSE OF THE WORD LEVEL.— COMMON SURFACE OF TWO LIQUIDS 
IN THE SAME VESSEL. — LEVELING INSTRUMENTS. — SPIRIT LEVEL. 

(96.) From the two properties of liquids established in the last 
two chapters, a third, and not less important one, may be de« 
duced. If the pressure arising from the weight of a liquid be 
proportional to the depth, and that pressure be transmitted 
equally in every possible direction, it will follow, that the fur- 
^e of all parts of a liquid contained in the same vessel, or in 
two or more vessels between which there is a free communica* 
tion by tubes or pipes, or otherwise, must be always at the same 
Uvd ; and that if any external cause accidentally disturb that 
level, the liquid will by its gravity return to it, the higher parts 
felling, and the lower parts rismg, until the equality be re- 
stored. 
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Fig, ». Let A B and A' B', Jig. 22., be two perpen- 

^ dicular glass tubes, united by a third tube, B B', 

Lhrm placed in a horizontal position. Let any liquid 
^ be poured into the tube A until the horizontal 
I tube B F is filled. Let us now suppose that 
J the lower end of the tube A' B' is closed by 
Sra stopcock at F. The tube B W being hori- 
zontal, the water which fills it has no ten- 
dency to move by its weight towards either end, and therefore 
the stopcock at F sustains no pressure ftooi it. Let an addi- 
tional quantity of the liquid be now poured in at A until it fill 
the tube to the height C. The surface of the liquid in the hor- 
izontal tube at B is now pressed by the weight of the column 
B C. The liquid in the horizontal tube transmits this pressure 
undiminished to the stopcock F, which is therefore pressed up- 
wards by a force equal to the weight of the column of liqmd 
B C. This pressure would evidently cause the liquid in the 
horizontal tube to rush into the vertical tube F C if the stop- 
cock F were opened. Supposing it to remain closed, however, 
let a quantity of the liquid be poured in at A' until the column 
F C shall attain the same height as the column B C ; the stop- 
cock B' will then be pressed downwards by the weight of the 
column B' C resting upon it, while it is at the same tune press- 
ed upwards by the weight of the column B C, transmitted to it 
by the liquid in the horizontal tube. It is thus pressed up- 
wards and downwards by equal forces ; and therefore, if it 
were free to move, it would have no tendency to change its 
position : hence, if the stopcock F be opened, and the column 
F C allowed to rest immediately on the surface of the liquid, 
it wiU be supported, and no motion will take place ; thus the 
columns B C and B' C, having equal heights, balance each 
other through the medium of the liquid in the horizontal tube. 
Fig. 23. Let us suppose the stopcock B',Jig. 23., again 

closed, and let the column of liquid in B' A' be 
greater than the column of liquid in B A, so 
Siat C will be higher than C. The stopcock at 
B' will now be pressed downwards by the weight 
of the column B' C, and it will be pressed up- 
wards by the weight of the column B C. The 
downward pressure being therefore greater than 
the upward, if the stopcock be opened, the column B' C will 
flescend, and the coliinn B C will be forced up. The level C 
will therefore fall, and the level C will rise. When they attain 
the same height, their weights will mutually balance each other, 
as in j^. 22, ; and if these were the only forces in action, all 
motion would then cease. But in the descent of the column 
F (y the whole mass of liquid in the tubes has acquired a cer 
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tain velocity, which, by reason of its inertia,* it has a disposi- 
tion to retain. The level C will therefore continue to rise, and 
the level O to fall, after they have attained the same height ; 
but when the column B C becomes higher than W C its down- 
ward pressure exceeds the upward pressure transmitted to it 
£rom W C, and this excess resists the tendcncv to continue its 
motion upwards, and finallv destroys it. The level C will then 
begin to descend, and the level C to rise, and this will continue 
until the level C has attained the height which it had at the 
commencement of the process ; it will then fall, and the oscil- 
lation will continue. 

We have here, however, set aside the consideration of the 
effects of the friction between the liquid and the tubes which 
contain it This, by continually resisting the motion of the li- 
quid, will cause it to rise to a less height in the tubes, at each 
oscillation, than it did at the preceding one, and at length will 
reduce it to a state of rest in this state the surfaces C C will 
be at equal heights above the horizontal tube B fi'. W 

Fig.S4. 




(37.) We have hitherto supposed the tubes A B and A' F to 
be perpendicular, but the same consequences will ensue if they 
have any oblique position, as in Jig. 24. As before, let a sto^ 
cock be placed at B' and closed ; let the horizontal tube B W 
be filled with liquid, and let a column be also poured into the 
oblique tube A B, the surface of which is at C. According to 
what has been proved in the last chapter, the column B C 
presses on the liquid in the horizontal tube with a force propor- 
tioned to the perpendicular height of the surface C above B. 
In fact, it presses with a force equal to the weight of a column 
whose height is B D, the line drawn from B perpendicular to 
the horizontal line from C. This pressure, therefore, is trans- 
mitted by the liquid in the horizontal tube to the stopcock B', 
which is pressed in the direction of the tube B' A' with that 
force. If a quantity of liquid be now poured in at A', until the 
height of the surface C above B' be equal to the height of the 
surface C above B, the downward pressure on B' will be equal 
to the upward pressure transmitted from the column B C ; for 
this downward pressure is equal to the weight of a column 
whose height is B' ly, which is equal to B D. 

Cabu Cyc. M«ohanica,i»* SI. tt'ttq. 
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By reasoning precisely similar to that which has been used 
with respect to the perpendicular tubes, it may be proved, that 
if the stopcock W be opened, the liquid will remain at rest ; 
and also that if the surface C be not at the same level with the 
surface C, an oscillation will take place, which being continued 
for a certain time, ^e surfaces will at length settle at the same 
height above the horizontal tube. 

(38.) We have hitherto supposed that the tubes containing 
the liquid, whose weight produces the pressure, are equal in 
bore. The same consequences ma^r, however, be deduced, if 
they be unequal, or if, instead of being tubes, they be vessels 
of any form whatever. Let A B, Jig. 35., be an oblique tube 



communicating with a reservoir A' F, a stopcock beinff placed 
at W. Let the tube and reservoir be now filled to the same 
height, C C, the stopcock at W beinff closed. The same hori- 
zontal line, C C, will mark the level of the liquid in the tube, 
and the liquid in the reservoir. The liquid B C, in the tube 
B A, will press on the liquid in the horizontal tube, with a force 
equal to tiie weight of a column of the liquid whose height is 
B D, and whose base is equal to the section of the tubes at B. 
This force will be transmitted by the liquid in the horizontal 
channel B B', so that each square inch of the surface of the 
stopcock B' will be pressed by a force equal to the weight of a 
column whose base is a square inch, and whose height is equal 
to B D. The liquid in the vessel A' B' presses on each cMquare 
inch of the other side of the stopcock, with a force which is 
equal to the weight of a column whose base is a square inch, 
and whose height is F IV. If, therefore, as we have already 
supposed, B' Jy be equal to B D, the stopcock will be pressed 
equaU]^ on both sides ; and if it be opened, no motion Will take 
place in the liquid. But if, on the other hand, W Whe not 
equal to B D, the higher surface will subside, and the lower 
one rise, and the oscillating motion already described will en- 
sue, and will continue until, at length, the surfaces C and O 
settie at the same level. 

An apparatus, to illustrate experimentally the property by 
which liquids maintain the same level in communicating vessels. 
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is represented in fig. 26. A, B, C, D, E, are glass vessels, of 
varioos shapes, communicating by short tubular shanks with a 
horizontal tube, which passes benea^ them, and which in the 




figure is concealed by the stand which supports the vessels. In 
the shank of each is placed a stopcock, K, which when closed 
insulates the vessels, and when opened leaves a free conmiuni- 
cation between them by means of the tube. Let all the stop- 
cocks be now closed, and let water be poured into the sevonl 
vessels, so as to stand at different heights : if the several stop- 
cocks be opened, so that the vessels shaU have a free commu- 
nication with each other, the higher surfaces will fall, and the 
lower ones rise, until they attain the same level, and then all 
motion will cease. If the stopcocks be aran closed, and water 
poured into the vessels, so as to ffive the liquids different levels, 
the experiment may be repeated oy opening the stopcocks. It 
"/ill always be found, that, when the stopcocks are opened, the 
liquid will settle itself to tiie same level in all the vessels. 

A teapot, kettle, or any other vessel containing a liouid, and 
having a spout, must be so constructed that the hp of tne spout 
shall be on a level with the top of the vessel, or at least on • 
level with the highest point to which the vessel is to be filled : 
otherwise, upon filling the vessel above the level of the end of 
the spout, the liquid in the vessel, having a tendency to rise 
above the level of the end of the spout, wul issue from it If 
the vessel be inclined with the spout downwards, it takes a po- 
sition in which the level of the water in the vessel is above tnat 
of the lip of the spout, and accordingly the liquid flows out 

(39.) Various examples of that cHum of enects which have 
been called the Hydrostatic Paradox, and which have been al- 
ready noticed, may be shown to be equivalent to this property 
by which fluids maintain their level. We iriiall confine our- 
selves here to one example. Let ABC D,^. 27^ be a large 
vessel, with perpendicular sides, and conmiunicating bv B iB 
with a perpendicular tube, E F. If water be poured into 
ABC D until it rises to the level K L, it will stand at the 
same level, H, in tiie tube E F. 

Now, suppose all the water in the vessel A B C D above the 
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level M N to be removed, and its place supplied by a piston, 
M N, which moves water-tight in the vessel ; and let this piston 
be loaded with weights, so that the weight of itself and its load 

Fig.fn. 




shall be equal to the weight of the water which has been re- 
moved : the piston will then press on the water below it with 
the same force as the water removed previously pressed upon 
it ; and as the water removed was sustained by it, the piston 
with its load will also be sustained. Thus it appears, that this 
piston is supported by the pressure of the column of water in 
E F. It will easily be perceived that this is identical with the 
hydrostatic bellows explained in (8.). 

If the column of water in the tube above the level O be re- 
moved, and its place supplied by a piston of equal weight, this 
piston, O, will support the great piston M N. This efiect is 
equivalent to the principle of the hydrostatic press explained 
in (7.). 

(40.) After what has been already proved, it is nearly self- 
evident that every part of the surface of a fluid confined in a 
vessel must, if at rest, be at the same level. If this were not 
the case, it would evidently be possible that the surfaces of the 
same fluid, in communicating vessels, might have different 
levels ; for if we suppose two diflferent parts of the surface of a 
liquid in a vessel to have diflTerent heights, as represented in 
the vessel ABC T>,Jig, 28., let us divide the vessel into two 

Fig, 28. 




by a solid partition, E P, leaving, however, between the hro 
pftrts, a communication, O, at the bottom ; and let this partition 
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00 divide the liquid, that the higher put of the turftce, H, thall 
occupy one division, and the lower pttt, L, the other. We 
sboula thus have a liquid in comnuinicating vesselt standing at 
different levels ; a result which would be inconsistent with 
what was formerly proved. Therefore it follows, that all parti 
of the surface of a liquid contained in any vessel must stand at 
the same level when at rest /\ 
y^ Indeed, this theorem is notning more than a manifestation of 
the tendency of the component parts of every body to fall into 
the lowest position which the nature of their mutual connection, 
and the circumstances in which they are placed, admit Moun- 
tains do not. sink and press up the adjacent valleys, because the 
strong cohesive principle wluch binds together the constituent 
particles of their masses, and those of the earth beneath them, 
IS opposed to the force of their gravity, and is much more now- 

eat elen 



erful : but if this cohesion were dissolved, these grea 
tions would sink from their lofty eminences, and the interven- 
ing valleys would in their turn rise — an interchange of form 
t^ng place ; and this undulation would continue until the 
whole mass would attain a state of rest, when no inequality of 
height would remain. All the inequalities, therefore, observa^ 
ble on the surface of land, are owing to the predominance of 
the cohesive over the gravitative principle ; the former depriv- 
ing the earth of the power of transmitting, equally and in every 
direction, the pressure produced by the latter. 

On the other hand, if the sea, when in a state of agitation, 
were suddenly congealed, the cohesive principle taking a strong 
effect, the mass of water would lose the power of transmitting 
pressure, and those inequalities which, in the liquid form, were 
fluctuating, would become fixed ; every wave would bo a hill, 
and the intermediate space a valley. 

There is a curious optical deception attending the alternate 
elevation and depression of the surface of a liquid, which it may 
be useful here to notice. The waves thus produced appear to 
have a progressive motion, which is commonly attributed to the 
liquid itself. When we perceive the waves of the sea appar- 
entiy advancing in a certain direction, we are irresistibly im- 
pressed with a notion that the sea itself is advancing in that 
direction. We consider that the same wave, as it advances, is 
composed of the same water, and that the whole surface of the 
liquid is in a state of progressive motion. A slight reflection, 
however, on the consequences of such a supposition, will soon 
convince us that it is unfounded. The ship which floats upon 
the waves is not carried forward with them ; they pass beneath 
her^ now lifting her on their summits, and now letting her sink 
into the abyss between. Observe a sea fowl floating on the 
water, and the same effect will be seen. If; howeyor, the wa- 
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Icr itself partook of the motion which we ascribo/to its waves, 
the ship and the fowl wotdd each be carried forward, and would 
have a motion in common with the liquid. Once on the summit 
of a wave, there they would continually remain, and their mo- 
tion would be as smooth as if they were propelled upon the calm 
Surface of a lake. Or if once in the valley between two waves, 
the^e likewise they would continually remain, the one wave 
continually preceding them and the other following. 

In like manner, if we observe the waves continuafly approach- 
ing the shore, we must be convinced that this apparent motion 
is not one in which the water has any share ; for were it so, the 
waters of the sea would soon be heaped upon the shores, and 
would inundate the adjacent country : but so far from the wa- 
ters partaking of the apparent motion of the waves in approach- 
ing the shore, this motion of the waves continues, even when 
the waters are retiring. If we observe a flat strand when the 
tide is ebbing, we shdl still find the waves moving towards the 
shore. 

That the apparent motion of the waves is, therefore, an illu- 
sion, we can no longer doubt ; but we are naturally curious to 
know what is the cause of this illusion. That a progressive 
motion takes place in something, we have proof, from the evi- 
dence of sight. That no progressive motion takes place in the 
liquid, we have also proof, both from the evidence of sight, and 
from other still more unquestionable testimony. To what then 
does the motion belong ? We answer, to the ^brm of the wave, 
and not to the liquid which composes it 

Fi^. 29. 







TVT 



Let the undulating line in fg, 29. be supposed to represent 
the surface of the sea, and let A B C be the crests of three suc- 
cessive waves, and a 6 c the intermediate valleys * let L M 
represent the bottom of the sea. At A, the depth of the water 
is represented by the line A K. Take any point near A, as j»', 
and the depth here is represented by m! K'. The summit of 
. the wave being A, the depth at A is greater than the depth at 
m'. The pressure of the column A S being greater than that 
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of mf K', the point A has a tendency to iUl» and the point mf to 
rise by reason of this excess of pressure. Therefore mf wUl 
rise to the point A', while A sinks to the level m. Thus tho 
points A and mf have interchanged levels ; the point mf being 
now raised to as great a height above the bottom L M as the 
point A had before the change, and the point A having fallen 
to the height which mf had. In like manner it will be found 
that, for every point in the first position of the wave, there it 
anotiier point in the second position with which it interchanges 
elevations. If these circumstances be closely considered, it 
will not be difficult to perceive that, in the interval which we 
have supposed, the various points on the surface of the water, 
such as m', which were before on the sloping sides of the waves, 
have now become their summits. A' B' C, &c. Not that the 
points ABC, &c. have advanced to A' B' C', &c., but that they 
have fallen from their former elevations, while the latter hsve 
risen. It appears, therefore, that the undulations of the sur« 
face are produced by its different points ascending and descend- 
ing alternately in a perpendicular direction, wiUiout any kind 
of progressive motion. 

To make this still more clear, let us suppose that perpendicu- 
lar lines be drawn from ever^ part of the surface A a B b C c, 
&c. to the corresponding pomts in the surface Af d'&V C d^ 
&c., and let the intervallietween the periods at which the sur- 
face of the liquid assumes these two forms be conceived to be 
one second ; in that time the several points of the first surface, 
which are marked by the letters p^ fil in the direction of the 
dotted lines perpendicularly downwards to the points marked 
p', and the pomts marked a rise perpendicularly upwards, in the 
directions marked by the aotted lines, to the positions indicated 
by the letters ^. Between the two positions A and A', the 
points of the surface between A and mf have both risen and 
fallen during the second ; they have first risen to an elevation 
equal to that of A, and have for an instant in their turn formed 
the crest of the wave ; but, before the expiration of the second, 
have again fallen perpendicularly to their position in the dotted 
line. It will thus, it is hoped, be understood how the /arm of a 
wave may actually have a progressive motion, while the water 
which composes it is stationary. 

If a cloth be loosely laid over a number of parallel rollers at 
such a distance asunder as to allow the cloUi to fall between 
them, the shape of waves will be exhibited. If a progressive 
motion be now given to the rollers, the cloth being kept sta- 
tionary, the progressive motion of waves will be produced,^ — 
the cloth will appear to advance,* 

* If a rope, \jvag atraight oa a floor, havo one of ita Midi elerated, aod IImi 
■addenly depreaaed, a aimilar illuaion will be prodaeed, on a aimilar principM 
Repeated jerka oauae a aaeeeaaion of ludalationa.— Am. £d. 
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It ifl the same cause which makes a revolyinff cork-screw, 
held in a fixed position, seem to be advancing in that direction, 
in which it would actually advance if the worm were passing 
through a cork. That pomt which is nearest to the eye, and 
which corresponds to the crest of the wave in the former ex- 
ample, continually occupies a different point of the worm, and 
continually advances towards its extremity. 

This property has lately been prettily applied in ornamental 
clocks. A piece of glass, twisted so that its surface acquires a 
ridge in the form of a screw, is inserted in the mouth of some 
figure designed to represent a fountain. One end of the glass 
is attached to the axle of a wheel which the clockwork keeps 
in a state of constant rotation, and the other end is concealed 
in a vessel designed to represent a reservoir or basin. The 
continual rotation of the twisted ^lass produces the appearance 
of a progressive motion, as already explained, and a stream of 
water continually appears to flow from the fountain into the 
basin. -J^ 

(41.) The properties in virtue of which liquids maintain their 
level, and transmit pressure, are the cause of most of the phe- 
nomena exhibited in the various motions and changes to which 
water is subject on the surface of the earth. The rain which 
fiills on the tops of mountains and other elevated places, if it 
encounter a soil not easily penetrable by water, collects in rills 
and small drains, which, soon uniting, form streams and rivulets. 
These, descending along the sides of the elevations, seeking a 
lower level, gradually encounter others, with which they unite, 
and at length swell into a river. The waters, still having a ten- 
dency to descend, are governed in their course by the slopes 
of the ground over which they have to pass. They usually 
proceed in a winding channel, directed by the varying form of 
the surface of the country, always taking that course which 
most accelerates their descent. Sometimes they widen and 
spread into a spacious area, which, losing the character of a 
nver, is denommated a lake ; again contracting, they resume 
their former character ; and after being swelled and increased 
by tributary streams, they at length come to their final destina- 
tion, and restore to the ocean those waters which had originally 
been taken from it by evaporation. Threughout the whole of 
this process the only principle in operation is the tendency of 
liquid to find its level. 

In some cases, the rain which is lodged on elevated grounds 
meets a soil of a spongy and porous nature, or one i^ich by 
various crevices and interstices is pervious by water. In such 
cases the liquid often passes to very great depths before it en- 
counters a barrier formed by an impenetrable stratum. When 
it does^ and is confined, it is subject to a considerable hydro- 
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Italic pressnre from the water which fills the more elevated 
veins and chanaels by which it is fed. This pressure frequent- 
ly forces the water to break a passage through the surface, and 
it gushes out in a spring, which ultimately enlarges into a trib- 
utary stream of some river. In some cases, the water which 
is filtered through the earth is confined by impenetrable barriers 
in subterraneous reservoirs ; barriers, the strength of which 
exceeds the hydrostatic pressure. If the ground perpendicu- 
larly above such a barrier be opened, and a pit sunk to such a 
depth as will penetrate those strata of the earth which are im- 

Servious to water, the liquid in the subterraneous reservoir, 
avinff then free admission to the pit, will rise in it until it at- 
tain the level which it has in the channels from which it is sup- 
plied. If this level be above the siuiace of the ^und, it will 
have a tendency to rush upwards^ and if restramed by proper 
means, may be formed into a founJUnriy from which water will 
always flow by simply opening a valve or cock. If the level 
of the source be nearly equal to that of the mouth of the pit, the 
water will rise to that level, and there stand : it will form a %DdL 
If the level of the source be considerably below the mouth of 
the pit, the water will not rise in the pit beyond a certain 
height corresponding to the level of its source. In this case, a 
pump is introduced mto the pit, and the water is raised upon 
principles which will be explained when we come to treat of 
pneumatics. 

The water collected in the earth in this manner by infiltra- 
tion, sometimes bursts its bounds and rushes into the bed of 
the sea. It is stated by Humboldt, that at the mouth of the 
Rio los Gartos there are numerous springs of fresh water at the 
distance of 500 yards from the shore. Instances of a similar 
kind occur in Burlington bay on the coast of Yorkshire, in 
Xagua in the island of Cuba, and elsewhere. 

Those sublime natural objects, cataracts and waterfalls, are 
manifestations of the tendency of liquids to maintain their leveL 
When by the union of streams large quantities of water are 
collected at elevations considerably raised above the level of 
the sea, the river whose head is thus formed frequentiy encoun- 
ters, in its approach to the sea, abrupt declivities, down which 
it is precipitated in a cataract The heights of the cataracts 
of the great rivers of the world, though commonly much exag- 
gerated^ are still such as to place these tremendous phenomena 
among the most appalling of natural appearances. The cele- 
brated cataract of Tequendama, formed by the Rio Bogota, in 
South America, was long considered to be the highest in the 
world, the fall having been estimated by Bouguer to be not less 
than 1500 perpendicular feet. Humboldt, however, has more 
recentiy found this calculation to be erroneous, and has shown 
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that the Height of the ftU does not exceed 600 feet* The 
stream hefore it approaches the precipice has a breadth of 140 
feet, which unmediately contracts, and at the edj^e of the abyss 
is reduced to 35 feet The great cataracts of Niagara are well 
known ; the breadth of the stream is 400 yards immediately 
before the descent, and the liquid is precipitated through the 
perpendicular height of 150 feet The sound of this cataract 
is distinctly audible at a distance of thirteen miles. 

The motion of water in rivers has a sensible effect in wear- 
ing away their beds. By this means, in the course of time, the 
face of a country may undergo considerable changes. The 
falls of Niagara are ffradually changing their aspect by this 
cause ; and it is probable that a period will come, when the bed 
of the stream between these falls and Lake Erie will be worn 
to a depth such as to drain tiie entire of the waters of that in- 
land sea, and convert the space it now occupies into a fertile 
plain.f Such a change appears to have been already produced 
at the falls of the Nile at Syene, which are not at all conforma- 
ble to what we learn from the ancients to have existed there in 
former times. 

In accomplishing their descent to the level of the ocean, 
rivers sometimes suddenly disappear, finding through subterra- 
nean caverns and channels a more precipitate course than any 
which the surface offers. After passmg for a certain space 
thus under ground, they reappear, and flow in a channel on the 
surface to Uie sea. Sometimes their subterraneous passage 
becomes choked, and they are again forced to find a channel 
on the surface. The waters of the Oronoko lose themselves 
beneath immense blocks of granite at the Randal de' Cariven, 
which, leaning against one another, form great natural arches, 
under which the torrent rushes with immense fuiy. The 
Rhone disappears between Seyssel and Sluys. In the year 
1752, the bed of the Rio del Norte, in New Mexico, became 
suddenly dry to the extent of 60 leagues ; the river had pre- 
cipitated itself into a newly formed chasm, and disappeared for 
a considerable time, leaving the fine plains upon its banks en- 
tirely destitute of water. At length, after a lapse of several 
weeks^the subterraneoiis channel having apparently become 
choked, the river returned to its former bea. A similar phe- 
nomenon is said to have occurred in the river Amazon, about 
the beginning of the eighteenth century. At the village of 
Puyaya, the bed of that vast river was suddenly and completely 
dried up, and remained so for several hours, in consequence of 
part of the rocks near the cataract of Rentena having been 
thrown down by an earthquake.t 

* Homboldt*t Beaeareheiii. vol. i. p. 76. 

I Brew*ter*t Edinburgh Encyclopedia, vol. xvi. p. 519. 

X Brewiter*! Edinbnrfh Encyc. vol. zvi. p. 519. Honboldt, vol. ii. p. Stt. 
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(49.) The metfaodf of coadactiiig a caoal thiou^ • eoontix 
depend upon this property, by which liottids find their level ; 
when the space through which the canal is to be conducted it 
not a uniform level plain, the effects of its declivity are provid- 
ed against b^ contrivances called /odes. If a canal were cut 
upon an inclined surface, the water would run towards the lower 
extremity, and overflow the bank, leaving the higher end dry. 
A channel of any considerable length, even with a gentle and 
gradual slope, would be attended with this effect 

The course of the canal is therefore divided into levels of 
various lengths, according to the inequalities of the countiy 
through which it passes. Let A B, Jig. 30., represent a slope, 




along which it is required to conduct a caaaL A series of levr 
els, A D, E F, G fi, are constructed artificially, partly by form- 
ing mounds, LEK and MGB, and partly by excavations, 
AD L and K F M. The canal is carried successively idong 
each of the levels BG, F E, DA. These communicate wi2 
each other by locks at E D and G F, by means of which vessels 
passing in either direction are raised or lowered with perfect 
ease and safety. 

The construction of a lock is easilv understood. Let A B 
and C D, Jig. 31., be two adjacent levels of a canal ; the water 

Fig. 31. 






in the higher level A B, is confined by a floodgate, B C, which 
ma^ be opened and closed at pleasure, and near the bottom of 
which are small openings, covered by sliding boards, through 
which water in the higher level may be allowed gradually to 
flow into the lower one. Suppose C E a length sufficient to 
contain the vessels which are to pass the lock ; at E let anotliw 
floodgate be placed, carried to a height equal to the level of 
the water in A B. If a vessel is to be passed from the higher 
level to tlie lower, the floodgate F G is closed, and the slmcee 
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at the bottom of B C are opened. The water flows from these 
into the lock B G, and continues to flow until it attains the 
same level in the lock and in A B. The gate B C is then open- 
ed, and the vessel is drawn from A B into the lock. The gate 
B C is tiien closed, and the sluices at the bottom of F 6 aie 
opened. The water begins to flow from the lock into E D, and 
ihe level of the water m the lock gradually Subsides. The 
vessel floating upon it is thus slowly lowered ; and this con- 
tinues until the water in the lock attains the same level as the 
water in E D. The gate F G is then opened, and the vessel is 
drawn out of the lock into the lower level. 

A vessel is conducted from the lower to the higher level by 
the reverse of this process. The gate B C bein^ closed, and 
thn gate F 6 opened, the water in the lock and m E D stands 
at the same level. The vessel is drawn into the lock, and the 
gate F G closed. The sluices in B C are opened, and water 
permitted to pass gradually from the higher level into the lock ; 
the surface of the water m the lock is thus slowly elevated, 
raising the vessel with it ; and this continues until its surface 
attain the level of the water in A B. The gate B C is then 
opened, and the vessel drawn into the higher leveL 
- In whichever direction a vessel pass tm*ough a lock, it is evi- 
dent that a quantity of water sufficient to raise the level of the 
water in the lock to that of the higher level must pass from the 
hiffher to the lower level ; the canal must, therefore, be always 
fed with a sufficient quantity of water to supply Uiis waste.* 
The objections to locks are the delay they occasion and the ex- 
pense of their construction, their repairs, and their attendance. 

* Des.ceiulinar boats never require a quantity of water, which,' independently of 
the boat, would be requisite to raise the surface of the water to that of the higher 
level I nor is the same quantity required to pass, in the case of ascending and de- 
scending boats, nor under all circumstances. When a descending boat enters a 
lock, the bottom of which is of the same height as that of the lower level, it foreei 
back into tlie part of the higher level, behind it, a quantity of water equal in bulk 
to the immersed part of the boat : and the gates being closed behind it, it is only 
the remainder of the water which had entered, that passes to the lower level ; and 
this remaining part will be so much the less, as the boat is larger and more heavily 
laden, and as its form corresponds more nearly to that of the lock. An ascending 
boat, on entering the lock, forces into the part of the lower level, behind it, a por- 
tion of water equal to the immersed part of the boat; and the gates being closed 
behind it, a quantity of water is required to pass into the lock from the upper level, 
equal to the capacity of that part of the lock, situated between the upper and 
lower levels, diminished by the bulk of the immersed part of the boat ; and this 
last being the quantity forced out by the boat on entering, it is evident, that with 
a given lock, tlie same quantity of water will be required, br all descriptions of as- 
cending boats. It follows, moreover, from what has been staged, that more time and 
water are expended in ascending, tlian in descending ; and that in descending, the 
larger and more heavily laden the boat, and the more exact its adapts tion to the Hck, 
the less the expenditure. The foregoing considerations would bo useful for regn* 
lating the heights, and consequently the number of locks, the forms of their bot- 
toms and ends, and the relative tonnage, on ascending and descending, large and 
■mall, and loaded and empty boats. This is not the place for more minute de- 
UiUi..-AM. Ed. 
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It is therefore often better, where it can be ftccompliehedy to 
carry the canal through a circuitous coarse, than to take a 
shorter route with a mater number of locks. 

Owin^ to the small quantity of friction which exirts between 
the particles of a liquid and a solid, the slightest inclination in 
the chuinel is sufficient to cause the water to flow. In a 
straight and smooth channel a descent of one foot in about 
four miles will cause the stream to flow at the rate of three 
miles an hour. The average slope of the principal rivers of 
the world is, however, greater than this, i^ 
X (43.) It is necessary at all times to know the level of the 
water in the boiler of a steam engine ; but that being a cloee 
vessel formed of metal, it is impossible by any eztemu indica* 
tion to perceive the water withm. A glm tube, A B, fig. QSL^ 

Fig. as. 




is inserted in the side of the boiler ; one end, A, passes into 
the boiler near the top, and the other end, B, near the bottom. 
The water in this tube must always stand at the same level 
with the water of the boiler ; and the tube being of glass, this 
level may always be observed. The indication of the tube 
would not in this case be correct, if the upper end A were not 
inserted in the boiler, but left open to the atmosphere. The 
surface of the water in the boiler is subject to the pressure of 
the steam, which is there confined ; and in order that the sur- 
face of the water in the tube should have Uie same level, it 
must be subject to the same pressure. This will necessarily 
be the case, if the top of the tube communicate with the steam 
by being inserted in the boiler at A. 

(44.) The method of sup]>lying water for towns depends on 
the property of maintaining its level ; a reservoir is selected m 
some situation more elevated than those places to which the 
water is to be supplied. This reservoir is fed either from nat^ 
Ural sources or by mechanical power. Pipes are conducted 
from it, usually under ground, through all parts of the town ; 
and from the main pipes smaller ones ramify, and pass into 
each house. These pipes may be carried in any direction 
which may be desirable, and alternately up and down the steep^ 
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eflt hillii, and to tbe tof» of the highest houses, providing that 
the level of the water in the reservoir he ahove the h^faest 
points to which the pipes are carried. 

By such means a constant and abundant supply of water for 
domestic purposes may be introduced into me upper apart- 
itaents, anu when used may be carried off by waste pipes. 

I^orance of this principle, by which liquids return to their 
levS, is shown in the construction of aqueducts by the ancients 
for supplying water to towns. If it were requisite to conduct 
water across a vaUey, a bridge was constructed on arches, sup- 
porting a canal through which the water was carried. A pipe 
conducted under ground across the valley would have served 
the same end, with far less expense ; for the water would rise 
as high in the pipe on the one side as it had descended on ti^ 
' I \} .vQther. 

''^\ % ^45.) Taken in a loose popular sense, the term *< level** is 
.:r ' f w^casily comprehended ; it is necessary here, however, to explain 
J ^ its import more ezactlv. The figure of the earth is that of a 
vi globe, or nearly so ; there are inequalities on its surface, but 
V Uiey are so insignificant, that, when compared with its own 
magnitude, the most enormous mountains resemble impercepti- 
ble particles of dust, resting on those globes which are used to 
represent the earth, and on which its natural and political di- 
visions are depicted. These inequalities, small as they are, 
cease to exist on the surface of the waters when they are not 
agitated by wind. They present, in that case, a surface 
uniformly curved, and which, if continued in every direction 
without interruption, would assume that figure which is ascribed 
to ttie eartii. If a line be drawn from the centre of the earth 
to any part of this surface, that line will represent the direction 
in wWch the attraction of gravity acts. It will be the direction 
Pig. 33. iu which a plumb-line will hang when at rest ; and 
^..;-j.-.,^ the surface of the earth, such as it has been just 
//^^^Z^:T\\.\ described, wiir be every where perpendicular to 

Belo 




dotted circles. Each of these surfkces will enjoy 

* Th« direetioB of the plnmb-tiae te •very where perpendicakr to tiie unrfkce of 
Innquil waten. A line, perpendionlar to tfaie eurflMe, ii called the vertieil. 
The vertical is not directed to the centre of the earth, except at the equator and 
poles. In other places, it could not coincide with the line drawn from the centre 
to the rarftee, nnlem the earth were a perfect jriohe, or sphere. The aetuij de- 
viation of the earth from this form, is not ehieflj owinf to its mountains, tbe efii 
feet of Which might he here neglected, hut to its oblateness, or iu being flattened 
at the poles, and protuberant at the equator. Many instances occur in the text 
of this volume, where scientific precision would require the use of ** Tertieal,*' 
instead of" peroendioular," wUch has boon employed, to avoid the frequmft m% 
of a more toenmeal toim.— Am. Eo. 



Digitized by LjOOQ IC 



CBAP. IT. UVUTACZ O^ SKA CVmfEtf, 68 

the tame properties as have been already aecribed to the ear- 
^e of the earth. Each of them will be every where perpen* 
diculir to straight lines diverging from the centre, and wiU be < 
every where equally distant from that point 

Every part of each of these concentrical surfaces is said to 
form the ^ same level ;" and one level is said to be ** above^ or 
** below" another level, according as it is more or less distant 
from the centre.* 

When a liquid mass placed upon the earth is quiescent, eve- 
ry part of its surface settles itself in the same level, and all 
pajTts which are disposed in any other level under its surface 
are subject to the same pressure ; that pressure being great 
in proportion to the depth of the level in question betow the 
■urface. 

(46.) Notwithstanding the globular form of the earth, a sheet 
of water on a calm day appears to exhibit a plane surface, no 
curvature whatever being perceivable. The cause of this is 
easily discovered in the small proportion which such a surfhce 
beait to-^the whole earth. Let us suppose a circular lake of 
fottr miles in diameter, and conceive a straight line to be drawn, 
or It cord stretched across it, between two opposite points. By 
reason of the cu^ature of the surface, this cord would be under 
the water towards the middle, if it only touched tiie water at 
Aie extremities ; and its depth would be greatest at the centre 
of the lake. Nevertheless, in the case we have supposed, its 
depth at that point would only be 15| inches ; the curvature, 
therefore, in a circuit of two miles round « given point, will not 
raise that point 16 inches above the plane suiface, passing 
through the extreme points of the circuit. 

It IS not wonderfiU, then, if fluid surfaces of small extent 
appear to be, and practically speaking really are, plane, the de- 
gree of curvature being insignificant Any plane surface of a 
small extent is, then, said to be level, when it is parallel to the 
surface of a liquid which is quiescent ; and all particles of a 
liquid which are disposed in the same plane, parallel to its sur* 
&ce, are said to be in the same level. 

Although, as we have just stated, the curvature of the surface 
of a liquid be very small, yet, if that surface have sufficient ex- 
tent, the curvature may be ascertained by observation. When 
a distant vessel first comes within sight at sea, the point of the 
mast only is perceived ; as it approaches the mast gradually 
rises ; and last of all appears the hulk, which, firom its magm« 
tude, would be the first seen, if the swelling curve of the sur* 
face of the sea had not obstructed the view of it 

(47.) The law, by which all parts of the surfbee of the same 

* The eoDMntrieal nafkOM are ezprened in Freoob aothort bj th* torn 
•« eoaok«f d« niv«aa." ^ , 
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liquid rest in the stme level, will not be violated if one liquid 
be placed upon another, or even if a series of liquids were 
plK^ <»M above another. If a glass vessel, /g. 34., be pfltftly 

Fig. 9^. 




filled with water, W, and on the water, oil, O, be po^d, the 
surface of the water will continue to be level, bcann£!^the oil 
upon it Again, if another liquid, as ether, E, be poured /^^ 
the oil, the surface of the oil on which the ether rests will ^n- 
tinue to be level ; and so on. In these cas ^s, however, t^ 
pressure of the liquids on any stratum is not proportional to ^ 
depth of the stratum. The pressure at any level is equal to the 
weight of the incumbent column of liquid. But that colunu: 
is not, as in the cases formerly considered, composed of the 
same liquid, and, therefore, it is not true that any part of the 
column has a proportional weight 

The various appearances produced in ornamental water- 
works are the effects of pressure transmitted through pipes 
from a head of water, considerably raised above the orifices 
from which the water is required to be projected. The form 
and direction of these orifices determine the figure which the 
jet or fountain will assume ; and the height of the water trans- 
mitting the pressure will determine the altitude to which the 
water of the fountain will be projected*"^ ; 

(4d.) Instruments for leveling or determining the direction 
or position of horizontal lines, or the relation between the lev- 
els in which different objects are placed, are constructed by 
means of the property by which liquids maintain their leveL 
Let A, /^. 35., be a straight glass tube, having two other glass 
tubes, B and C, united with it at right angles. Let the tube A, 
and a part of each leg B and C, be filled with a liquid, the legs 
B and C being presented upwards. On the surfaces a 6 of the 
liquid in the le^, let floats be placed, cann^ing upright wires, to 
the ends of which are attached sights, ST, consisting of two 
fine threads or hairs stretched at right angles across a square : 
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these aightfl are placed at riffht angles to the length of the in* 
Btrument, and a nrontview of them is represented at & V; and 
they should be so adjusted that the points where the hairs in- 
tersect shali be at equal heiffhts above the floats. This ad- 
justment may be made in the following manner: — 

Let the eye be placed behind one of the sights, looking 
through it at the other, so as to make the points where the hairs 
intersect cover' each other, and let some distant object covered 
by this point be observed. Let the instrument be now revers- 
ed, and let the points of intersection of the hairs be viewed in 
the same way, so as to cover each other. If they are observed 
to cover the same distant point as before, they will be equal 
heights above the surfaces of the liquid. But if the same dis- 
tant point be not observed in the direction of these points, then 
one or the other of the sights must be raised or lowered, by an 
adjustment provided for &at purpose, until the points of inter- 
section be brought into that direction. These points will then 
be properly adjusted, and the line ptssinff through them will be 
truly horizontal. All points seen in the direction of the sights 
wiai then be in the level of the instrument 

The principles on which this adjustment depends are easHy 
explained : if the intersection of the hairs be at the same dis- 
tance from ^e floatB, the line joining those intersections wffl 
evidently be parallel to the lined joining the suiftces a ft of the 
liqmd, and wfll, therefore, be level. But if one of these points 
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be more diBtaat from the floats than the other, the line joimiig 
the intereectioDs wil] point upwards if viewed from the lower 
sight, and downwards if viewed from the higher one. On re- 
versing the instrument this line must take a different direction, 
and therefore will not be presented to the same object. 

The accuracy of the results given by this instrument may be 
increased to any extent, by lengthening the tube A. 

(49.) Another instrument for leveling is known by the name 
of tiie t/nrit Uvd : it consists of a cylindrical bIbsb tube filled 
with spuits of wine, except a small space which is occupied by 
air ; the ends are hermetically^ sealed, to prevent tlie escape of 
the fluid. In whatever position the tube be placed, the liquid 
will always tend to the lowest part of it ; if eitber end be raised 
above the other, at that extremity will the bubble of air be found, 
the liquid having retired to the other. If the extremities be at 
the same level, the bubble of air will settle at the highest inter- 
mediate point The tube is not strictly straight, but is slightly 
curved, the convexity being presented upwards. Whatever be 
the position of the tube, the air bubble will rest at the highest 
point of the curve ; and if the extremities be at the same height, 
this will be the middle point The tube in a horizontal position, 
with the air bubble resting in the centre, is represented in 






» la. E 



The method of mounting the level for the purpose of fixing 
a plane in a horizontal position, is commonly to fix the tube in 
a block of wood, or in a case of brass, A B, Jf^. 37. The block 
is fixed in such a position, that when the lowest surface, D E, 
is horizontal, the bubble will stand in the centre between two 
lines, a and &, cut upon the tube. The instrument may be ad- 
justed by the following method : — ^Let a plane surface be con- 
structed as nearly horizontal as possible, and let the surftca 
D £ be placed upon it Let the tube be fixed into the block in 
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•ttch a manner that the bubble will atand between the wires a 
and h ; this being accomdished, let the inatrument be now re- 
versed, the extremitiea D and E exchanging placea. If the 
bubble stand still in the middle, it proves the instrument to be 
correct; if not, the end towards which it retires is the higher 
extremity. The bubble must then be brought back to the cen- 
tre, partly by lowering the extremity of the tube toward which 
it moves, and partly by adjusting the plane surface on which 
the instrument is Disced. The mstrument must now be once 
more reversed, and the same process repeated, until the change 
of position of the instrument no longer deranges the position 
of the bubble. 

The principle on which this adjustment depends, is that the 
bubble will ^ itself at the highest point of the tube, and that a 
horizontal line is at ri^ht angles to a vertical one. When by 
acyusting the tube the bubble is fixed in the centre of the wires 
a and (, let us suppose a vertical line, c d^ drawn from the cen- 
tre of the bubble to meet the base, D £, of the instrument If 
D E be perpendicular to c d, it is apparent that reversing the 
instrument will make no change in the position of the line 
c <£, and that the point e will stiU continue to be the place 
of the bubble. But in this case D E being perpendicular to a 
vertical line must be horizontal. I^ however, D £ be not per- 
pendicular to c d, one of the angles, suppose c <f D, will be 
acute, and the other, cdEy obtuse ; and, therefore, the point D 
will be more elevated than the point £. On reversing the in- 
strument, £ will take the more elevated, and D the less elevat- 
ed position. The middle point, c, will no longer be the highest 
point of the tube, and accordingly the bubble will retire framit 
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CHAP. V. 

OF THE IHMEBBION OF SOLIDB IN UaUIDS. 

TO DSTXRMIVX THE EXACT MAGNITUDE OF AK IRREGULAR SOLID.— 
WHEN SOLUBLE IV THE LIQUID. — WHEK POROUS.— EFFECT OH THI 
AFFAREITT WEIGHT OF THE LIQUID. — ^EFFECT OH THE APPAREHT 
WEIGHT OF THE SOLID.— THE REAL WEIGHT OF THE SOLID AHO 
LIQUID HOT CHAHGED BT IMMKRSIOH.— CAUSE OF THE APPAREHT 
CHAHOE.— WHEN A BODY IS SUSPENDED. — ^FLOATIHO BODIES^*— 
THESE PROPERTIES DEDUCED FROM THE FUNDAMENTAL PRINCIPLES 
OF HYDROSTATICS. — THE SAME SOLID SINKS IN SOME LK^UIDS AND 
RISES IH OTHERS. — BUOTAHCT.— ITS EFFECTS IH SUBMARINE OPERA" 
T10H8. — ITS EFFECTS PERCEIVABLE IH BATHIHO.— BOATS MAT HI 
FORMED OF ANT MATERIAL, HOWEVER HEAVY. — ^AN IRON BOAT, 
WHICH CANNOT SINK.— METHOD OF PREVENTING SHIPS FROM FOUN- 
DERING.— EFFECTS OF THE CAR60.—BALL COCK, AND OTHER FLOAT- 
ING REGULATORS. — MEANS OF RAISING WEIGHTS FROM THE BOTTOM 
OF THE SEA. — ^METHOD OF LIFTING VESSELS OVER SHOALS. LIFE- 
PRESERVERS. — SWIMMING. — WATER FOWL.— FISH.— WHY A DROWN- 
ED BODY FLOATS, — PHILOSOPHICAL TOY.— WHT iCJG FLOATS.— ROCKS 
RAISED TO THE SURFACE BY ICE. 

(50.) To ascertain by direct measurement the volmne or size of 
a solid body is a problem of considerable practical difficulty, ex- 
cept in cases where the body has some regular shape or figure ; 
thus, for example, if it were required to determine the exact 
number of solid inches and parts of a solid inch in a rough lump 
of mineral ore, the surfaces of which present numerous and ii^ 
regular projection^ and cavities, science would in vain furnish 
rules for calculating the volume of bodies bounded by surfaces 
of given figures and magnitudes, and meeting under given an- 
gles. The exact practical solution of the problem by direct 
geometrical measurement is iippossible. 

Bodies in the liquid form do not present the same difficulties ; 
their peculiar qualities cause them to adapt themselves with 
facility to any form, and, without undergoing any change of 
magnitude, to take the figure of any vessel in which they are 
placed. Thus, if it be required to ascertain the number of cubic 
mches in a mass of liquid, let a perpendicular vessel be taken, 
the base of which is equal to a cubic inch, and let the liquid be 
poured into this vessel ; se much of the liquid as fills a part of 
this vessel one inch in height has the ma^itude of one cubic 
inch ; so much as fills it to the height of an inch and a half has 
the magnitude of a cubic inch and a half; and so on for other 
heights. 

This great facility which the measurement of liquids presents, 
and the difficulty, on the other hand, which attends the measure- 
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ment of solids, are the cttuet why the quantity of bodies is the 
liquid fonn is usually expressed by their measure, while the 
quantity in the solid form is commonly expressed by their 
weight : thus, if we speak of a liquid, we say it is so many 
hogsheads, gallons, quarts, &c. ; on the other hand, speaking 
of a solid, we say it is so many tons, hundreds, pounds, &c. 

(51.) The same property which renders the yolume of a liqmd 
easily determined, also points it out as the means of detennin- 
ing tiie dimensions of a solid. As a liquid will adapt itself to 
the shape of the vessel which contains it, filling every part of 
that vessel below its own level, it will in like manner adapt it- 
self to the figure of any solid which may be immersed in it ; so 
that if the liquid were hardened and solidified, and the solid 
withdrawn, an exact mould of the solid would be exhibited by 
the hardened liquid. Such, in fact, is the method by which aU 
moulds are made. A body naturally solid is liquefied by ex- 
posure to heat, or by moisture, or by other means. The solid, 
the shape of which is to be taken, is then immersed in it, and 
the liquid is hardened either by cooling, or drying, or otherwise. 
The body is then withdrawn, leavinir lU form impressed on the 
jnibstance in which it was immersef X 
J When a solid is thus immersed in a liquid, it displaces a quan- 
'tity of that liquid equal in size to that part of the solid which is 
immersed. If, therefore, the bulk of the liquid thus displaced 
could be ascertained, the magnitude of the part of the body im- 
mersed would be determined. 




This is easily accomplished. Let A B C D, Jig. 38., be a 
vessel containing a liquid, which we will suppose, in the first 
instance, stands at a level, E F ; we shall suppose also, for the 
present, that the vessel has perpendicular sides : let a solid, S, 
whose dimensions are to be ascertained, be now plunged in the 
liquid. The space which the solid occupies below the surface 
of the liquid having been previously filled with liquid, the liquid 
which so filled it, being now excluded, iwist find room else- 
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ivliflie. By 3rieldi]ig hv dace to the sdi^ it wiUhte^^^lae^ 
the ftJBaeent puticles of liquid, and a ffeneral change of positioii 
will take place in the whole mast. The surface £ F will liae 
to the level EX P. The apace between £ F and iX F must ev- 
idently be equal to the dimensions of the solid S, becauae it ip 
the increased space which the liquid occupies, owing to the 
exclusion of part <^ it 6om the space now occupied by the solid. 
In fbct, we may consider that portion of the liquid which fig9* 
▼iously occupied the space S to be removed to the space btr 
tween the levels £ F and £' F. Thus, by means at once 
mmple and easy, we have obtained a body £ F F fi', of aregr«. 
lar shape and easily measured, which we are infallibly certaia 
is equal in magnitude to the irregular solid S, the dimenmnf 
of which we would in vain attempt to determine by the nicest 
instrumental meaaurement, guided by the strictest matfaesoali- 
cal rules. 

If we conceive the vessel A B C D to be of glass, and dim- 
ions marked on its exterior surface by parallel lines firom ths 
bottom to the top, as represented in the figure, the interval be- 
tween each division may correspond to any given magnitude, 
as a cubic inch of liquid. The whole quantity of liquid in auek 
a vessel will be expressed by the number which marks the di- 
vision, and the fraction of a aivision, at which its surfiuce stands. 
Thus if the level of the liquid in the vessel stand at one third 
of the divisicoi above that marked 5, the total quantity of hqad 
in the vessel will be 51 cubic inches. Let us suppose liquid be 
poured in until the surface rises to the sixth division : let it be 
now required to determine the magnitude of an irregular lump 
of ore. Plunge it in the liquid, in which it will sink by its su- 
perior weight, and observe the division to which the sui^ce has 
risen. Suppose this to be one fourth of a division above the 
eighth. It appears, then, that the piece of ore has displacedas 
much liquid as would raise the level two and a quarter divis- 
ions ; and, therefore, its magnitude is two and a quarter cubic 
inches. 

We have here supposed that we possess a vessel previously 
graduated, so that each division shall correspond to a given 
quantity of liquid. The same propertv which suggests the use 
of such a vessel also suggests the method of grajduating it. Let 
a solid be formed into £e exact shape and size of a cubic inch, 
and some liquid having been poured into the vessel sufficient 
for the total immersion of the solid, let a line be drawn on the 
vessel, marking the place of its surface ; the solid being then 
immersed, let another line be drawn, marking the place to 
which the surface of the liquid has risen. The interval be- 
tween these two lines will then be a division which corresponds 
to a cubic inch of ^e liquid. If the sides of the vessel be truly 
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perpendicniar, and its inner surface subject to no inequalitiefl, 
notidng niore will now be necessary than to draw a line upon 
the vessel from top to bottom, and to divide it into parti eoual 
to the space we have just obtained ; each division will then 
correspond to a cubic inch of the liquid : the divisions may evi- 
dently be subdivided into fractional parts to any extent thiU may 
be required. 

If, however, the sides of the vessel be not perpendicular, or 
being so, if, as will inevitably happen, they be subject Co iiie- 
qualities more or less in amount according to the accuracy with 
which the vessel is made, then the method of division which we 
have just adopted will not give true results. It is only where 
the sides of the vessel are uniform from top to bottom, that 
equal divisions will correspond to equal quantities of the liquid. 
If one part be wider or narrower than another, an equal length 
of that part will contain more or less liquid than the other ; and 
as our object is to divide into equal parts the liquid, and not the 
height of the vessel, it will follow that the degrees must be 
sm&er where the vessel is wider, and vice vend. Besides the 
inequalities incident to vessels intended to be straight, it doee 
not always happen that such a vessel is convenient for use. 
The graauated vessels used by apothecaries and others, who 
have occasion for exact liquid measures, are more frequently 
of the tapering form of a wine-glass ; the divisions on the sides 
of such vessels will be wider near the bottom, and narrower 
near the top. Such a vessel may be graduated by repeatedly 
plunging into it the same solid, and marking the changes of 
level wMch it produces, filling the vessel with liquid to the new 
division each time the solid is withdrawn : or it may be effect- 
ed by continually pouring into it a previously ascertained meas- 
ure of liquid, and marking the successive changes of level. 

The effects of immersion not only measure uie total dimen- 
sions of a solid, but also determine any required part of it If 
the solid be only partially immersed, that part which is below 
tJie surface of the liquid, displacing a portion of the liquid equal 
to its own bulk, will cause the surface of the liquid to rise, and 
the space through which it rises will indicate the magnitude of 
the part of the solid which is immersed. 

A solid body may thus be easily divided into two or more 
parts having any given proportion to each other. Suppose it 
be required to divide a solid into two equal parts. Let the solid 
be totally immersed in a liquid, and observe the height to which 
the surface of the liquid rises. Let the solid be now withdrawn 
from the liquid, and let it again be partially immersed until the 
surface rise through half the former space ; the liquid displaced 
will then be half the quantity which was displaced by the total 
immersion of the solid: therefore the part now immersed must 
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be half the msgTiitade of the whole. If a line be marked on 
the solid at the points where the surface of the water meets it, 
a division made through this line will divide the solid into two 
equal parts. In the same manner, if it were required to cut off 
a fifth part of Uie entire magnitude, it will be only necessanr 
to immerse it, until the surface of the water rise in the vessel, 
thro\igh a space equal to the fifth f>art of the space through 
which it would be raised bv the total immersion. It is evident 
' that a ttmilar process woiud enable us to cut off any required 
part oflhe body ; and a repetition of the process applied to the 
remainder of tiie body would enable us to cut it into any num- 
ber of parts, equal or unequal, or bearing any required propor- 
tion to each other. 

There are circumstances which occasionally impede the 
mractical use of Uie method of measuring a solid by immersion. 
Thus, for example, if the solid be soluble in the liquid, the 
method fails. In this case, however, some other liquid may 
generally be selected, in which the solid is not soluble. Again, 
if the body be of such an open or porous texture as to allow the 
liquid to penetrate its dimensions, the method evidentlv fails, 
because the solid does not displace a quantity of the liquid equal 
to its magnitude. The liquid which enters the pores still occu- 
pies its former place ; and the portion displaced is, in fact, only 
the difference between a quantity of liquid equal in bulk to the 
body, and the quantity which the body absorbs. If the absorp- 
tion of the liquid do not affect the dimensions of the solid, the 
method may still be applied by saturating the solid previously 
to the experiment being tried. 

From what has been stated it follows, that if a solid be plung- 
ed into a vessel filled with a liquid, as much of the liquid will 
overflow as is equal to the magnitude of the solid immersed. 
And a vessel which is only partially filled, will become brimful 
by the immersion of a solid, whose magnitude is equal to the 
part unfilled. Thus a teacup, which is filled to the brim with 
tea, will overflow when sugar is put in ; and a bath should 
never be filled beyond such a height as will allow an unfilled 
space equal to the aggregate magnitude of the bodies of the 
bathers. 

(52.) We have seen the effect which the immersion of a solid 
produces upon the volume of a liquid. This effect is sometimes 
expressed by stating that the volume of the liquid receives an 
increase equal to the volume of the solid ; by this, however, it 
is not meant that the absolute dimensions or measure of the 
liquid are increased, but merely that the apparent dimensions 
included within the external boundaries of the liquid are aug- 
mented bv the magnitude of the solid. In fact, the contents of 
the vessoj in this case are the liquid and the solid together; but 
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the solid being surrounded with the liquid, the dimensions of 
the liquid are estimated by its exterior surfaces, in the same 
manner as the dimensions of a rock would be estimated by its 
external limits, even though it should contain within it a cavity 
filled by any other substance. 

We shall now consider what effect is produced upon the ap- 
parent weight of a liquid by the immersion of a solid. Let 
A B,^. 99., be a vessel containing a liquid, placed in the dish 




D of a balance E F, and counterpoised by weights in the oppo- 
site dish G. The weights in G will then be equal to the weight 
of the vessel A B, and the weight of the liquid it contains. Let 
a solid, S, heavy enough to sink in the liquid, be now suspended 
by a horse hair, or fine thread, fix>m an arm C, and let the ann 
C be so placed as to allow the solid S to sink into the liquid 
until it is totally immersed, but so that it shall not touch the 
bottcHu of the vessel. It will be observed that the dish D wDl 
immediately preponderate, the weights in G being no longer 
sufficient to counterpoise the weight in the opposite dish D. 
Hence we infer at once, that as the apparent dunensions of the 
liquid were increased by the immersion of the solid, so also is 
the app«rent weight of the liquid augmented. But Uie amount 
of this increment of weight is still to be foundrL. 
^Let additional weights be placed in the dish/G until equilib- 
num be restored : the amount of these weignts will express 
the increase which the apparent weight of the liquid receives 
firom the immersion of the solid. Let these additional weights 
be now removed, and let the solid S ie also removed from the 
vessel A B. The balance will then again be an equilibrium. 
The height to which the surface of the liquid in the vessel A B 
was raised by the immersion of the solid s having been observ- 
ed, let so much more liquid be poured into the vessel A B as 
will raise the surfiice to that point This quantity, according 
to what has ahwady been explained, is equal in bulk to the 
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iolid 6 ; and by the weight of this quantity the disdi D will now 
preponderate. Let the weights which restored the equilibrinm 
when the solid was formerly immersed be now again placed m 
the dish G, and equilibrium will be once more restored. It 
therefore follows, that the increase which the apparent weight 
of the liquid receives from the immersion of a solid is equal to 
the weight of the portion of liquid which the solid displaces. 

As this is a principle of the highest importance in the theory 
of fluids, and indeed in physical science generally, it may not 
be useless here to present its experimental illustration under 
another point of view. Let A B and A' B', Jig. 40., be two 

/Xr.4a 




similar and equal glass vessels of equal weight, and let them 
be filled to the same level L and L/j with water, and placed in 
the dishes of a balance. Bein^ of equal weiffht, they will then 
be in equilibrium. Let a solid S, suspendec as in the former 
case, be immersed in A B. The dish D will preponderate ; and 
the level L will rise to I, Let water be now ploured in A' B', 
until the equilibrium be restored. It will be found that the 
level of the water in A' B' has been raised through the same 
space by the additional water necessary to restore the equilib* 
num, as the level of the water in A B has been raised by the 
immersion of the solid. The conclusion is evident The hn- 
mersion of the solid gives to the vessel an increase of weight 
equal to that which it would receive from the addition of so 
much water as the solid displaces. 

(53.) We have here supposed the immersion of the solid to 
be total ; and, consequently, the weight imparted to the liquid 
is that of a portion of the liquid itself equal to the whole bulk of 
the solid. But the same experiments will give similar results, 
if the solid be only partially immersed. Still the weight which 
the liquid will receive, will be equal to the weight of that por- 
tion of it which will be displaced by the pert of the solid immers- 
edi It will not be necessary here to repeat tiie expemnenta] 
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process by which this is yerified ; it is the Mme, in all rtipeet% 
as has been already explained with reference to total immersioik 
The manner in which the immersion of the solid has been 
described in the preceding experiments, by suspendinff it from 
the arm C by a thread or hair, requires that the solid soould be 
one which, by its weight alone, wiU sink in the liquid. The 
conclusions at which we haye arriyed are not, howeyer, limited 
to such bodies. If, therefore, the solid to be immersed be one 
so light that it would float on the liquid, its immersion must be 
produced by a difierent means ; it must be pressed into the 
liquid by a rigid inflexible wire, or some other means. When 
this is accomplished, howeyer, nil the resists are conformable 
to what has been already explained. 

From all which has been stated, we may, therefore, infer that 
the immersion of any solid, whether total or partial, increases 
both the apparent bulk and the apparent weight of the liquid ; 
and that it increases both exactly in that degree in which they 
would be increased by the addition of so much of the same liquid 
as is equal in magnitude to the immersed solid. 

^54.] The weight both of the liquid and the solid immersed 
in it^ oepends on the attraction which the earth exerts on their 
particles ; and, therefore, so long as the mass of the liquid and 
the mass of the solid remain unaltered, their weights in the 
same place must be immutable. It follows, therefore, that the 
increase of weight which the yessel receiyes from the immw- 
sion of the solid cannot proceed from any increase of weight in 
either the yessel or the liquid, nor can it proceed from any in- 
crease or diminution in the weight of the solid immersed ; the 
mere fact of immersion can cause no change in the amount of 
these weights. 

It is natural, therefore, to inquire whence the increase of 
weight which the yessel receiyes by the immersion of the solid 
proceeds. We have seen that the actual weight of the water 
contained in the yessel remains unaltered, while its apparent 
weight is increased. We know that the actual weight of the 
solid cannot be altered; but it is still to be seen how its ap- 
parent weight is affected. Let us suppose the solid immersed 
to be heavier than water, and let it be suspended from the aim 
of a balance, as represented in j!g. 41., and counterpoised. Let 
it then be immersed in the liquid contained in the yessel, as rep- 
resented in the figure. Immediately the equilibrium will be 
destroyed ; the dish G will preponderate, and the arm £ will 
rise : it therefore appears that by immersion the apparent weight 
of the solid is diminished. Let us now inquire the amount of 
this diminution. Remoye from the dish G such a quantity oi 
weight as will restore the equilibrium, so that the dish G wiU 
no longer prepondexmte, but will exactly counterpwse the weight 
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snqmided from £. The weight thus removed is the amooat 
by which the apparent weight of the solid is diminished by im- 
meniofL Let the quantity of the liquid be obtained by means 

Fig. 41. 




of a balance, the weight of which is equal to the weight remov- 
ed from the dish G. Let the level at which the liquid stands 
in the vessel A B be marked on its side, and let the solid be 
then removed from it ; the surface of the liquid will immediate- 
ly fall, leaving a space between its former and present lev^ 
equal to the magnitude of the solid. Let the Uquid, whose 
weight was ascertained to be that which was lost by the appar- 

, . ent weight of the solid, be now poured into the vessel A B, the 

! j <l surface will rise to^e point at which it stood when the solid 

.1 ^8s immersed. ^ 

; ^ Hence it must be evident, 

1. That by the process of immersion, while the apparent 
weight of the liquid is increased, the apparent weight of the 
solid is diminished ; 

2. That the increase which the apparent weight of the liquid 
receives is exactly equal to the diminution of the apparent 
weight of the solid ; and, 

3. That the amount of this increment of the one apparent 
weight, and decrement of the other, is the weight of a portion 
of the liquid whose magnitude is equal to the magnitude of the 
solid. 

If we pursue these conclusions into their consequences, we 
shall obtain some remarkable results. Suppose it e^^ould so 
happen, that the body selected for immersion is one whose 
weight IS equal to the weight of its own bulk of the liquid ; by 
the principles just established it will lose by immersion its whole 
weight ; and, consequently, when immersed, if it were suspend- 
ed firom the arm of a balance, it would weigh nothing ; that is, 
the thread which connects it with the arm would be stretched 
by no force, and the body would have no tendency to descend : 
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and, accordinglT, we find this to be actually the case. Let a 
hollow brass ball be provided, with a means of enclosing fine 
sand within it ; by this means let the weiffht of the ball be so ad- 
justed as to be equal to that of its own buflc of water, and let it be 
thrown into a vessel of that liquid. It will be found that it will 
remain suspended indifferently in any position, provided it be 
totally immersed. If it be placed at the bottom, there it will 
remain ; if it be placed any where between the surface and the 
bottom, it will also remain suspended there ; if it be placed at 
the surface, but so that no part shall be above it, there it will 
also remain. 

There is another remarkable consequence obviously collected 
from what has been proved. If the solid immersed in a liquid 
have less weight than its own bulk of the liquid, it would fol« 
low, by total immersion, it loses more than its own weight ; a 
consequence not as absurd as it may at first seem to be. When 
a body, by immersion, loses less than its whole weight, it has a 
tendency to descend with what remains. When a body loses 
exactly its whole weight, the effect of its mvity is neutralized^ 
and it loses all tendency to move, as in £e example just pro- 
duced. But when the consequences would justify us m affirm- 
ing that it loses more than its entire weight, the effect is man- 
ifested not merely by the body losing all tendency to sink, not 
merely by lying passively in the liquid, but by exhibiting a poai- 
tive tendency to rise ; by acquiring, in fact, a quality tne very 
reverse of weight. Those who have been used to the significa- 
tion of negative signs in algebra will perceive the tendency of 
this reasoning, and will find in it the illustration of the true 
meaning of such symbols. For those who are not conversant 
with the elements of mathematics, it is hoped that enough haa 
been said to elucidate the utility of extending the application 
of a theorem, by giving a greater latitude to the signification of 
the terms in which it is expressed. 

The phenomena of floating bodies are verifications of the in- 
ference which has just been made. Let the hollow brass ball, 
already alluded to, be so loaded that it shall be lighter by any 
proposed weight than its own bulk of water ; let it then be im- 
mersed in a vessel of that liquid, and placed below the surface. 
It will be found that the ball will not remain there, but will 
ascend to the suiface, on which it will float. To keep it below 
the water, a certain force will be necessary ; and if this force 
be measured, it will be found to be equal to the excess of the 
weight of a portion of liquid equal in bulk to the ball above the 
weight of the ball. 

The conclusions to which we have arrived may, therefore, be 
generalized as follows : — 

1. A solid whose weight exceeds the weight ofAts own bulk 
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of a liquid has a tendency equal to such excess to sink when im- 
mersed in the liquid. 

2. A solid whose weight is equal to the weight of its own 
bulk of liquid, when immersed in the liquid, has no tendency to 
sink or rise. 

3. A solid whose weight is less than the weight of its own 
bulk of a liquid has a tendency to rise when immersed in that 
liquid ; which tendency amounts to the excess of the weight of 
a portion of the liquid equal in bulk to the solid above the -weight 
of the solid. 

(55.) The reasoning by which we have arrived at these con- 
clusions has been founded on the results of the experiments 
described in (52.). They may, however, be inferred from the 
fundamental principle of Hydrostatics ; viz. that fluids trans- 
mit pressure equally in all directions. 

Let us suppose a solid, A B C D, Jig. 42., of any proposed 

F^. 42. 




figure, as that of a cubic inch, immersed in a liquid, the surface 
of which is L M, and let U M' be Uie level on which the bot- 
tom B C is placed. Let the solid be suspended by a fine thread 
T, the weight of which may be neglected ; and let this thread 
be carried over a grooved wheel R, such a weight W being ap- 
pended to it as will counterpoise the solid A B C D, and keep 
It suspended in the liquid without either rising or sinking. In 
this state every part of the level L'M' must sustain the same 
pressure downward ; for, if any one part suffered a greater 
pressure than another, the liquid below the level JJ M would 
transmit the greater pressure undiminished in the upward direc- 
tion to the pomt where the lesser pressure is supposed to act ; 
and this point would move upwards, by reason of the excess of 
the upward pressure ; but no such effect is supposed to take 
place, and therefore no part of the level 1/ W punder a greaiter 
wewure than another. °^ ''^ ^^ ^oo^ 
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The bottom B C of the tolid occupies a square inch of the 
level L/ M^ Let the column resting on B C, of which the solid 
forms a part, be imagined to be continued to the surftce. It is 
evident that the downward pressure excited on the base B C 
will be equal to the weight of the incumbent column E B C F 
diminished bv the weight of the counterpoise W. This column 
consists partly of the liquid E A D F, which is above the solid, 
and partly of the solid itself. Since this downward pressure is 
sustained by the stratum 1/ M' at B C, it follows that every 
part of that stratum equal in megnitude to B C must sustain 
the same downward pressure. Take H B, equal to B C,. and 
the part H B sustains a pressure ftrising from die weigMtof the 
column of liquid G H B E, which rests upon it. The weight of 
this column must, therefore, be equal to the weight which presses 
on B C. 

Let us suppose the column G H B £ divided into two at I A : 
eo that the part I A B H shall be equal in bulk to the solid 
A B C D, and the part I A E 6 equal to the liquid £ A D F 
above the solid. Let. us now compare the equal pressures 
which act on B C and BH« The former is the weight of 
E A D F, together with the weight of the solid diminished by 
the weight of the eountorpoise W, The latter is the weight 
of G I A E, together with the weight of I A B H. It appears, 
therefore, that the weight of the column E B C F exceeds that 
of the column G H B E by the weight W. But since the part 
E A D F of the first column is equal in weight to the part 
G I A E of the second, it. follows that the weight of the solid 
A B C D exceeds the weight of its own bulk I A B H of the 
liquid by the weight of the counterpoise W. 

Now, since Ae counterpoise W is the force which prevents 
the solid fron^inking, it expresses the tendency of the solid to 
sink, and it the^refore follows, that this tendency is estimated by 
the excess of the weight of the solid above the weiffht of its 
own bulk of the liquid^ according to what has already been ex- 
perimentally established. 

In the preceding reasoning, the solid has been supposed to 
exhibit a tendency to sink when immersed in the fluid, which ten- 
dency has been checked by the counterpoise. Let us now 
consider the case of a solid which remains suspended in the 
liquid without any tendency to sink or rise. In this ease tho 
pressure on B C,Jsg. 43., is the weight of the solid, together 
with that of the flmd above it; while the pressure on H B is 
equal to the weight of the liquid I A B H, equal in bulk to the 
solid, together with the weight of the liquid G I A E equal to 
the liquid above the solid ; since the pressure on H B and B C 
must be equal, the weights of the columns G H B E and E B C F 
are equal. FVom these equals take away the weights of tho 
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liquid G I A E and E A D F respectively, and the remainders, 
which are the weights of the solid and its own bulk of liquid 
will be equal. Thus, in conformity with the results of expexi- 




ment, it appears that a solid which remains suspended in « 
liquid must be equal to the weight of the liquid which it dis- 
places. V 
X Finally, let us consider the case in which the solid immersed 
has a tendency to rise to the surface ; suppose a fine thread 
attached to the bottom of the solid to be carried under a groov- 
ed wheel R^ijig. 44., and, being brought upwards, to be passed 



Fig.U, 




over another grooved wheel R, and let such a weight, W, be 
appended to it as will check the tendency of the solid to rise to 



the surface, but not sufficient to cause it to sink. The solid 
A B C D therefore remains suspended in the liquid. 

According to the reasoning used in the former cases, it may 
be inferred that the pressure on B C must be equal to the pres 
sure on B H. The pressure on B C is equal to the weight of 
the solid, the liquid above it, and the counterpoise W. The 
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pressure on B H is equal to the weif ht of the liquid I A B H, 
equal in bulk to the solid, together with the weight of O £ A I, 
equal to the weight of the Uquid above the solid. From these 
equals take away 6 E A I and E F D A, and the remainders 
will be equal ; that is, the liquid, equal in bulk to the solid, will 
be equal to the weight of the solid, together with the counter- 
poise W. It therefore appears, that a |>ortion of the liquid 
equal in bulk to the solid exceeds the weight of the soli<C br 
that weight which is just sufficient to prevent the solid ascend- 
ing to the surface and to keep it suspenaed in the liquid. Hence, 
in conformity with what has dready been experimentally jprov 
ed, it appears that a solid lighter than its own bulk of the liquid 
has a tendency, when immersed in the liquid^ to rise to the 
surface with a force equal to the difference between its weight 
and that of its own bulk of the liquid. 

The fact that a solid equal in weight to its own bulk of liquid 
will remain suspended indifferently in any position in the liquid, 
may also be very easily comprehended, by considering that the 
liquid itself remains quiescent If, then, we take any portion 
of the liquid beneath its surface, say a cubic inch at tae depth 
of one foot, that cubic inch of liquid remains at rest Suppose 
It now to be congealed and to become solid, — ^not, however, 
altering in any wa^ its bulk, — it will evidently still remain at 
rest, because the fact of it becoming solid introduces no force 
to put it into motion. It will, therefore, be in the case of anv 
solid immersed in the liquid equal in weight to the liquid which 
it displaces. 

But it will be more philosophical to deduce the fact of the 
suspension of the solid &om the reasoning already given, and 
founded on the distinctive property by which a fluid transmits 
pressure ; and this same property is that on which the quiescence 
of idl parts of a liquid depends. 

(56.) We have hitherto considered the cases only in which the 
solid is totally immersed. The effects of partial immersion are 
in all respects similar, and investigated on the same principles. 
Let ABC ^ijfig' ^^1 ^^ & solid partially immersed in a 
liquid whose surnice is L M, and having a tendency to sink 
still deeper, which tendency is checked by the counterpoise W. 
Since the solid is in equilibrium, the stratum L/ M' of the liquid, 
immediately below its base, must be equally pressed in every 
part. The pressure on B C is equal to the weight of the solid 
diminished by the counterpoise W. Let H B be a portion of 
the stratum equal to 6 C ; the pressure here, which is equal to 
the former, is the weight of the colunm G H B E. This column 
is evidently equal to Uie weight of the liquid displaced by the 
solid ; and therefore it follows, that the weight of the liquid 
displaced by the solid is equal to the weight of the solid dimin-V 
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iihed by that of the counterpoise ; or, what amounts to the 
same, the weight of the counterpoise is equal to the excess of 
the solid above that of the liquid which it displaces. Thus the 




same property belongs to the partial immersion of the solid, as 
has been already proved to appertain to total immersion. 

This result may be verified experimentally, by attaching the 
thread which supports the solid A B C D to the arm of a bal- 
ance, and ascertaining the weight from the opposite arm which 
will support it This being done, and the level of the surface 
L M bemg observed, let the solid be removed from the liquid ; 
the counterpoise from the opposite arm will no lonffcr be able 
to sustain the solid. Let such an additional weight be added 
as will support it, and take a quantity of the liquid, the weight 
of which is equal to tliis additional weight This quantity 
being poured into the vessel, will restore the level L M to its 
former height : hence it appears that tliis quantity is equal in 
magnitude to the part of the solid which was immersed. 

If the solid partially immersed have no tendency either to 
sink or rise, the counterpoise W will be unnecessary. In this 
case the pressure on B C,^. 46., is equal to the weight of the 
solid ; and the equal pressure on H B is equal to the weight of 
the liquid displaced by the solid. Hence it follows, that when 
a solid floaU on a liquid, it displaces as much liquid as is equal 
to its own weight 

This may be verified experimentally. Let a solid which 
floats on a liquid be first weighed, and let a portion of the 
liquid of equal weight be asceitained. Let the level of the 
liquid in a vessel be observed, and let the change of this level 
be ascertained, which is produced by the solid floating on its 
surface. It will be found that the same change of level will 
-be produced by pouring into the vessel as much liquid as is 
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equal to the weight of the 0olid. If it be remembered that the 
chan^ of level is owinff to the space beneath the anrfkee of 
the liquid occupied by &e aolid, it will be eaiily underttood 
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that the portion of liquid displaced by the solid is that which it 
necessary to produce the same change of level, and thisportioa 
is equal in weight to the solid. 

It may happen that a solid partially immersed has a tendency 
to rise. Let this tendency be checked by the force of the 
weight W, Jig. 47., drawing the solid downwards. The pres- 




sure on B C is here equal to the weight of the solid, together 
with the weight W ; and this, as before, is equal to the weight 
of G E B H, the liquid displaced by the solid. Hence it appears 
that W, which expresses the tendency of the solid to rise, is 
equal to the excess of the weight of tie fluid displaced by the 
■olid above the weight of the soUd. 
7 
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This, also, may be verified expehmentally, by removing the 
weight W, and connecting the string with the arm of a balance. 
It will be found that the counterpoising weight, together with 
the weight of the solid, is equal to the weight of as much liquid 
as would produce the same change of level as is produced by 
the partial immersion of the solio. 

The consequences which have been just inferred are so im- 
portant, that it may be useful here to recapitulate them. 

Whenever a solid is immersed in a liquid, whether the im- 
mersion be partial or total, it will have a tendency to sink, if 
its weight be greater than the weight of the liquid which it dis- 
places. 

It will have a tendency to rise if the weight be less than that 
of the liquid which it displaces. 

It will have no tendency either to rise or sink if its weight 
be equal to that of the liquid which it displaces. 

No solid can float on the surface of a Uquid if it be heavier 
than its own bulk of the liouid ; because, in order to float it is 
necessary tiiat the liquid displaced be equal in weight to the 
solid, wmch it cannot be, if the weight of the solid be greater 
than that of its own bulk of the liquid. 

In whatever position a body floats, it will always displace the 
same quantity of liquid, because it will always displace a por- 
tion of liquid equal to its own weight 

The effect, therefore, of immersion in eveiy case is to lessen 
the apparent weight of the solid immersed by affording support 
to its real weight. 

(57.) The support, whether partial or total, which a solid thus 
receives from a liquid, is an effect with which every one is fa- 
miliar, and which is commonly expressed by the term buoyancy. 
From the results which have been just established, it appears 
that a solid is buoyant in a liquid, in proportion as it is light and 
as the liquid is heavy. Thus the same solid will be more buoy- 
ant in quicksilver than in water ; and in the same liquid cork is 
more buoyant than lead. Again, a solid which has buoyancy 
enough to float in one liquid will sink in another. Thus glass 
will sink in water but will float in quicksilver. A block of lig- 
numvitie, or a piece of ebony, will sink in alcohol but will float 
in mercury. A block of ash or beech will float in water but 
will sink in sulphuric ether. The reason is, that the weight of 
glass is greater, bulk for bulk, than that of water, and is less 
than that of mercurv. The weight of lignumvite, or ebony, is 
greater, bulk for bulk, than that of alcohol, but less than that 
of waitoT ; and the weight of ash or beech is less, bulk for 
bulk, than that of water, but greater than that of sulphuric 
ether. 

If a rope be attached to a heavy block of stone at the bottom 
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of a reflervoir of water, it may be raised to the giurface by the 
strength of a man ; but as soon as any quantity of it emergee 
from the surface, the same strength will be insufficient to sup* 
port it ; it loses the support of the water, and requires for its 
support as much more amtco as is equal to the weight of the 
water which it has displaced.* In building pien and other sub- 
aqueous works, this eflect is rendered peculiarly manifest ; the 
laborer feels himself endued with prodis[ioushr increased 
strength, raising with ease, and adjusting in their places, blocks 
of stone, which he would in vain attempt to move above the 
water. Such operations are carried on by the aid of a diving 
bell, a contrivance which will be explained in a succeeding part 
of this volume. After a man has worked for any considerable 
time in this way under water, he finds, upon removing to the 
air, that he is apparently weak and feeble : every thing which 
he^ attempts to Ulb seems to have unusual weight ; and to move 
\e^en his own limbs is attended with some inconvenience. \ 
/\ (58.) Every one who, while bathing, has walked in the water, 
is sensible how small a weight rests upon the feet If the depth 
be so great that the body is immersed to the shoulders, the ieet 
are scarcely sensible of any pressure on the bottom. The want 
of sufficient pressure in this case renders the body easily upset. 
In attempting to ford a river in which there is a current, con- 
siderable danger is produced by this cause ; even though the 
river should be sufficiently shallow to leave a large portion of 
the body above the surface. The pressure on the Dottom being 
diminished by the buoyancy of the liquid, the feet have a less 
secure hold on the ground, and the force of the current, acting 
on that part of the body which is immersed, without affecting 
that part which is above the surface, has a tendency to cany 
away the support of the feet 

A body composed of any material, however heavy, may be so 
formed as to float upon any liquid, however light To effect 
this it is only necessary to g^ive it such a shape as will cause it 
to displace a quantity of liquid, which is as many times greater 
tlian its absolute bulk, as its weight is greater than that of an 
equal bulk of the liquid. There are an infinite variety of figures 
which will accomplish this. A basin formed of porcelain, brass, 
or any heavier material, will float upon water if it be placed 
with its convex side towards the liquid. The water bein^ ex- 
cluded from the interior of the basin, as much liquid will be 
displaced as would be equal to the bulk of that part of the basin 
which is immersed, if, instead of being hollow, it were filled to 
the level of the liquid in the vessel. But if the basin be im- 
mersed with its concave side downwards, the water entering 

* That is, " the water which had been previously displaced by the part whioh 
has now emerged."— AM. Ed. 
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the hollow of the vessel, it can displace no more water than is 
equal to the actual bulk of material which composes the basin; 
and this material being heavier, bulk for bulk, than water, it will 
sink. 

J 59*) The method of adapting the shape of a body heavier, 
k for bulk, than a liquid, so as to cause it to float, depends 
on givinj; it such a shape as that, when immersed in the water, 
tiiere will be, below the level of the liquid, some space in 
the vessel occupied by air or by some substance ligfiter than 
the liquid. Thus if a teacup be placed with its bottom down- 
wards on the surface of water contained in a basin, it will float; 
but if. the depth to which it sinks be observed, it will be foond 
that a part of the hollow of the cup is below the surface of the 
water. In this case, therefore, the space below the level of the 
liquid is occupied partly by the porcelain of which the cnp is 
composed, and partly by the portion of air which occupies that 
part of the hollow of die cup below the su^ace of the water. 
It is the liffhtness of this portion of air, compared with water, 
which enables the cup to float That this is the case may be 
proved by the following experiment Let water be poured into 
the cup thus floating, and observe the level of the water in the 
eup and in the vessel ; the former will always be found below 
the latter ; so that a stratum of air still lies below the level of 
water in the basin. And this will be the case until the cup be 
completely filled with water, when, no space being left for air 
below the surface, the cup will sink to the bottom. 

For these reasons a ship or boat, composed of a material 
which is heavier, bulk for bulk, than water, will sink when filled 
with water by a leak or otherwise ; but if the material be lighter, 
she will contmue to float, though at an increased depth : in such 
a case the ship is said to be water-logged. Many ships are 
made of a sort of timber, such as teak, which ia heavier, bulk 
for bulk, than water. And, indeed, if the average weight of all 
the materials which enter into the construction of an ordinal^ 
vessel be taken, it is probable that thev are heavier than theur 
own bulk of water. Whether a vessel, however, wiU sink by 
being water-logged, will depend as much upon the nature of 
the cargo as Uie vessel itself. A vessel laden with iron, or 
with any other heavy substance, will, in such a case, sink ; while 
one laden with corK, timber, or any other light substance, will 
float 

(60.) An iron boat will float with perfect security ; and, if it 
be fonned with double plates of metal, including between them 
a su^cient hollow space, and so united as to exclude the water, 
no circumstance can sink it ; for, whatever be its position, it 
will displace more water than is equal to its own weight 

A contrivance to prevent ships foundering at sea, founded on 
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this priiici]}ie, has lately been published by Mr. Ralph Watson. 
He proposes to carry through various parts in the nulk of the 
shipy so situate as not to interfere with the usual arrangements 
of freight or accommodation for passengers, metal tubes closed 
at bota ends, so as to exclude water. In case of the ship 
foundering, by a leak or otherwise, tho interior of these tubes 
will continue stiU unfilled with water ; and, if their number and 
magnitude bear a sufficient proportion to tlie weight of the ship 
ana cargo, the whole will float, even though there should be a 
free admission for the soa through the bottom of the vessel 

(61.) It is evident, from all which has been stated, that the 
degree of immersion of a vessel in the water is altogether in- 
dependent of the nature of her freight, and will be the same as 
long^ as the weight of her cargo is we same, whether it consist 
of wool, leather, timber, or metal. Hence the weight of tiie 
cargo may be always estimated by the depth of immemon ; 
and, if a g^raduated scale be marked upon the rudder of the ves- 
sel, the same scale will indicate the weight, whatever be the 
I substances which compose the freight 

I (62.) We have seen that a body lighter than a liquid will, 
\ when immersed, have a tendency to ascend to the surface : an 
Unflated bladder, the weight of which is inconsiderable, will re- 
quire OS much force to keep it down as is nearly equal to the 
weight of the water which it displaces. If ^uch a bladder be 
tied to a weight of several pounds at the bottom of a pond, its 
tendency to ascend will prevail over the weight, and it will draw 
it to the siufacc. 

The buoyancy of solids immersed in liquids is frequentlv 
used as a means of regulating the supply of reservoirs, in which 
it is necessary to maintain Uie liquid at a certain leveL If a 
solid body float on the surface, it will rise and fall with every 
change of level of the surface ; and, if any impediment prevent 
its ascent or descent, with tlie ascent or descent of the surface 
of the liquid, it will exert a force in the one case by its buoy- 
ancy, and in the other by its weight, to overcome such impedi- 
ineut. The floating body is usually connected by a wire or 
lever, with a valve or cock which governs the supply of the 
liquid to Uie reservoir. When the vessel is filled to a certain 
height, the float being raised to that height acta by the wire or 
lover, 80 as to close the valve and stop the further supjdy of the 
liquid. If, on the other hand, by use or waste, the level of the 
liquid fall, and the reservoir want replenishing, the float de- 
scends, and, acting on the valve in the contrary direction, opens 
it and admits the supply of liquid. Examples of this may be 
seen in the ordinary cisterns used for supplying water for do- 
mestic purposes. A leaden pipe is carried from Uie main pipe, 
and is introduced into the cistern which is to be supplied ; at 
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the extremity of this pipe in the cbtern, is placed a stop cock, 
which is worked hy a lever, at the extremity of which were is 
a larg^ hollow metal ball, which is raised by its buoyancj with 
^e surface of the liquid, and falls by its weight when the sor* 
lace descends. The cock is thus closed when the surface- rises 
to a certain height, and stops the supply of water ; but when 
the sur&ce falls the cock is again opened, and water is ad- 
mitted. 

Many contrivances, upon this principle, have been suggested 
for raisinff sunken vessels. Hollow boxes made water-tight, 
and including only air, may be carried to the bottom by heavy 
weights attached to them. The boxes being secured to the 
vessels to be raised, the weights which sunk them may then be 
detached. If such a number of these boxes be attached to the 
vessel as will displace more water than is equal in weight to 
the vessel to bo raised, and the boxes themselves, the whole 
will float to the surface. 

A machine upon the same principle, called the camel, for lift- 
ing vessels over shoals, is the invention of a burgomaster of 
Amsterdam named Bakker. In the Zuyder Zee, opposite the 
mouth of the river Y, there are two sand banks, between which 
there is a shallow passage, impassable to vessels of large size. 
It was the practice for such vessels to take in their cargo after 
they had passed, beyond this strait; but the accumulation of 
sand became at last so considerable, that some means were 
necessary to transport the vessels themselves over this obstacle. 
In 1672, large chests, filled with water, were fastened to the 
bottom of the vessel ; the water was subsequently pumped out 
of these, so that they acquired a buoyancy or upward force 
equal to the weight of the water discharged : the ships were 
thus raised and enabled to pass the shallow. A similar contri- 
vance had been previously used at Rome by a Dutch engineer 
named Meyer, but not so complete or effectual a one as that of 
Bakker.* 

The camel, of which we have just explained the original 
idea, consists of two large hollow chests, so constructed as to 
extend along the sides of a vessel, and shaped on one side so 
as to lie dose to her sides, being square upon the outside. 
Being filled with water, they sink, and are, without difficulty, 
brought close to the sides of the vessel, to which they are at- 
tached by ropes which pass round each of them and under the 
keel ; the water is then pumped out, and the buoyancy of the 
chests raises the ship in the water so as to enable it to float over 
a shoal. An East Indiamain that drew fifteen feet of water 
was 80 much elevated by means of this machine, that it only 

* Brewat«r*c Eneyelopedia, v. 906. 
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drew eleven feet ; and the largest ships of war in the Dnteh 
service, of from 90 to 100 guns, were always enabled to sur- 
mount the different sand-banks of the Zuyder Zee^^^och nut* 
cMnes are likewise used in Venice and in Russia. 7\ 
\ Life-preservers, provided in case of accident at sea, are con* 
^ stmictea upon the same principle. A hose, or flexible tube, is 
composed of a cloth prepared by a solution of caoutchouc or 
India rubber, by which it becomes impervious to air or water, 
and which is also insoluble in water. It is made of such a 
length, that it may surround the waist and be secured by a 
buckle in front : a mouthpiece and valve are provided at one 
extremity of the tube, through which it may be inflated. When 
thus filled with air, it becomes light when compared with its 
own bulk of water ; and, when surrounding the waist, it gives 
the body such buoyancy that the upper part of the person will 
continually be kept above the water. 

The benefit of this contrivance in case of accidents at sea, 
and more especially when, as usually happens, the^ occur near 
the shore, might be rendered much more extensive. A long 
hose of water-proof cloth might be constructed, of such a mag- 
nitude as, when inflated, it would have sufficient buoyancy to 
sustain a considerable number of persons ; straps might be 
attached to it at proper intervals, to be secured round the waisti 
of those whom it was necessary to support Such an apparatus, 
when not inflated, might be folded in a very small bulk ; and a 
sufficient number of them to save the crew or passengers of any 
vessel wouM neither be expensive to construct nor inconvenient 
to carry. With such aid it would be possible for the ordinary 
boats, with which vessels are always provided, to tow the crew 
and passengers to shore. 

It would be advisable to divide a large hose for such a pur- 
pose, into a number of separate air cells, to provide against 
the accidental rupture of any part of it. Such an accident 
would thus be productive of no injury, as it would allow the air 
only to escape from one cell. 

(63.) The weight of the human body is very nearly e^ual to 
that or its own bulk of water ; its magnitude, however, is sub- 
ject to a small variation, caused by the action of breathing : 
when the lungs are inflated, the voliune of the body is greater 
than after they collapse. It is true that in^this case the weight 
of Uie body as well as its magnitude, strictlv speaking, under- 
goes an increase ; but the change of weight is comparatively 
sm&U, being that of a few grains of air, which are altematelf 
inspired and breathed out. The change of volume produces* 
however, a sensible effect when the body is immersed in the 
liquid. , 

When the chest is inflated with air by drawing in the breath, 
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the body is somewhat lighter than its own bulk of water ; and, 
if it be immersed in that liquid, it will displace its own weight 
before total immersion takes place. If the head be presented 
upwards and inclined backwards, so as to keep the mouth and 
nose in the highest possible position relatively to the remainder 
of the body, a person may float with about half the head above 
water when the chest is filled with air ; but when he breathes 
out, his lungs collapse, and the bulk of his chest is diminished ; 
his weight, however, remaining the same, he must sink deeper 
in order to displace his own weight of water. A living body 
floating on water is, therefore, in 9, state of continual oscination, 
alternately rising and sinking : this efiect is increased by the 
inertia of the body ; for when it descends it will not cease to 
sink exactly at that depth at which it displaces its own weight 
of water, but it will continue to move with the velocity it has 
acquired,* until the increasing weight of the water displaced 
forces it to return upwards : its alternate ascent is similarly in- 
creased. This efiect may be observed by pressing a piece of 
cork in water to a greater depth than that at which it naturally 
floats ; an oscillation will ensue which will continue for some 
time. f 

Hence arises one of the difiiculties which are found in float- 
ing on water ; for, in the alternate sinking of the body, the 
mouth and nostrils may be so choked as to intercept the breath- 
ing : a slight action of the hands or feet is therefore necessaiy 
to resist the tendency to sink after each expiration &om the 
chest 

The lighter tlie body is in relation to its magnitude, the more 
easily will it float, and a greater portion of the head will remain 
above the surface. As the weights of all human bodies do not 
bear the same proportion to their bulk, the skill of the swimmer 
is not always to be estimated by his success : some of the con- 
stituent parts of the human body are heavier, while others are 
lighter, bulk for bulk, than water. Those persons in whom the 
quantity of the latter bears a greater proportion to the former 
will swim with a proportionate facility. 

Sea water has a greater buoyancy than fresh water, being 
relatively heavier ; and hence it is commonly said to be much 
easier to swim in tlie sea than in a river : this effect, however, 
appears to be greatly exaggerated. A cubic foot of fresh water 
weighs about 1000 ounces ; and the same bulk of sea water 
weighs 1028 ounces : the weight, therefore, of the latter ex- 
ceeds the former by only 28 parts in 1000. The force exerted 
by sea water to support tlie body exceeds that exerted by fresh 

* The velocity is variable; after the boily arrives at the «leplh at wliirh it dis- 
places its own weight of water, its velocity is continually diminished, though not 
»t a imirorm ratc^ in consequence of the increase of the upward pressure. — Am. Kd. 

Digitized by LjOOQ IC 



CHAP. ▼. FLOATINO. 81 

water by about one thirty-sixth part of the idiolo force of the 
latter.* 

It has been proved that in whatever position a body floats oil 
a liquid, the same bulk must be immersed ; it follows, therefore, 
that if a person floating raise his hand above the surface of the 
water, an equal portion of his head must sink. Hence the dan- 
ger arising to persons drowning is increased by the involuntary 
effort by which they stretch out their arms. 

(64.) The bodies of some animals are much lighter than their 
own bulk of water. Maily species of birds, such as ducks, 
geese, swans, and water fowl grenerally, present examples of 
this. The featherb with which they are covered contribute 
much to their buoyancy ; and, in many instances, a very small 
portion of their body will displace a quantity of water equal to 
their weight 

Fishes have a power of changing their bulk by the distension 
of an air vessel with which they are provided ; they can thus 
at will displace a mater or lesser ouantity of water. When 
they enlarge their bulk, so as to displace more water than their 
own weight, they rise to the surface ; and when, oc the other 
hand, they contract their dimensions, so as to displace less 
water than their own weight, they sink to the bottom. 

When a human bod^ is first drowned, the air being ex- 
pelled from the lun^s, it is heavier, bulk for bulk, than water ; 
and, therefore, remains at the bottom. The process of decom- 
position subsequently produces gases, by which the body is 
swelled and increased in bulk so much, that it displaces more 
water than is equal to its own weight, and therefore rises to 
the surface. When the vessels, containing the gases thus 

* We are not, however, to infer, that it re<|airet only one thirty-aixth part leti 
foree to suitain the body in sea water than in fVeah water. For thia foree ii. in 
either cue, equal to the difference between the weight of the body and tiiat or am 
eqaal balk of the flnid, and thii difference beinc araan, the pronortion or (more 
properly) ratio, in which it ia diminished, when tne bod]r it transienrad from freah 
to aalt water, it mach creater than that in which the weight of acivan bulk of the 
flnid it increased. If we euppoie the weight of the body to be 190 lbt.,and 
that of its own bulk of freah water 180 lbs., the weight of the aame bulk of ae« 
water, beinc one thirty-sixth part greater, would be 185, and it would require « 
force of 10 lbs. to sustain the body in fresh water, and only 5 lbs. in sea water. If 
the body is still heavier compared with its bulk of water, the force required to 
sustain it in sea water, compared with that in fresh water, will be ttill leas. W« 
have as yet supposed the human body to be heavier than either fluid, if it b« 
lighter than either salt or fresh water, as Dr. Franklin and others have ascertained 
it to be in many eases, even after an ordinary expiratiou of the air ; then it wiU 
require no force to sustain it, but only the presence of mind necessary to direet 
the face upwards, and to avoid struggling, (allowing the lower parts of the body 
to sink gradually till it comes into a vertical position ;) and to avoid, both in breatli> 
ing and speaking, those violent and long-continued expirationa, which oecaaion a 
greater exhaustion of the chest than occurs in an easy and natural respiration} 
and lastly, in case of an accidental immersion of the ikce, to refrain from any at- 
tempt at breathing until the mouth or nose shall have risen anin above the •«■- 
face. An obaervanee of theae rolea might aave ttany Uvea.--AM. Bo. 
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generated, burst, the body will again contract its dimensions 
and sink. 

(6S.) Philosophical toys are constructed on this principle. A 
small glass vessel is constructed in the form of a balloon, which 
is hoUow, and the lower part of which is open ; it is immersed 
in water with its mouth downwards, so tnat the air included 
within prevents the water entering beyond a certain point 
This balloon is placed floating on the suHace of water contain- 
ed in a deep glass jar filled nearly to the top ; a bladder is tied 
on the top, so as to confine a small quantity of air between it 
and the surface of the water in the jar. A pressiure being ex- 
cited by the hand on the bladder, is transmitted by the air under 
the bladder to the water, and tiie water again transmits it to 
the air included in the balloon ; this air being elastic, yields 
to the pressure and contracts its dimensions, allowing a greater 
quantity of water to enter the balloon : the builoon thus displaces 
a less quantity of water, while its own weight, including the 
air in it, remams unaltered. At len^ the water it dis^aces 
is less than its own weight, and it smks slowly to the bottom 
of the jar. When the bladder is relieved fix>m the pressure, 
the air in the balloon again expands, the water displaced by it 
increases, and it slowly ascends to the surfiice. 

A solid having air enclosed, which is exposed to the pressure 
of the liquid in which it is immersed, may arise to the surfiice 
if it be immersed only to a certain depth ; but if it be immersed 
to such a depth that the hydrostatic pressure of the surrounding 
liquid so condenses the air within that the solid displaces a less 
quantity of liquid than its own weight, it can no longer rise. 
A diver who plunges in the sea is l^hter when he enters than 
his own bulk of water ; but if he proceed to a certain depth, his 
dimensions will be so contracted by the pressure of the sea, that 
he will displace a less quantity of water than his own weight, 
and, therefore, cannot rise by mere buoyancy, but must ascend 
by the exertion of his limbs, swimming, as it were, upwards. 

It is known that in the process of congelation, water under- 
goes a considerable increase of bulk; thus a quantity of water, 
which at the temperature of 40<' measures a cubic inch, will 
have a greater magnitude when it assumes the form of ice at 
the temperature of 32°. Consequently ice is, bulk for bulk, 
lighter than water. Hence it is that ice is always observed to 
collect and float at the surface. 

A remarkable efiect produced by the buoyancy of ice in water 
is observable in some of the great rivers in America. Ice col- 
lects round stones at the bottom of the river, and it is sometimes 
formed in such a quantity that the upward pressure by its 
buoyancy exceeds the weight of the stone round which it is 
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cc41ected ; consequently it raises the stone to the rarihee. 
Large masses of stone and ice are thus observed floating down 
the river to ifbnsiderable distances from tJie places of their 
formation. \ ' 






CHAP. VI. 

OF DIFFERENT LiaUIDB IN COUMUNICATINO VIMBUi. 

K.IOHTEB LIQUIDS FLOAT TO TBI TOP.— OIL, WATBB, ASD HBBCV- 
RT.-^RSAB| OF HILK. — IHQREDIENTB OF THB BLOOD^— OIL ABO 
SPIRITS.— PROOF SPIRITS. — WATER AMD WIBE.^WATEB IB THB 
DEPTHS OF A FROZEff SEA LESS COLD THAB AT THE SUBPACB^i^ 
A LIQUID HAT BOIL AT THE SURPACE, WHILE THB LOWBB PABTS 
ABB COLD. — ^METHOD OF APPLTIffO BEAT TO BOIL A Ll^UtO^i^ 
METHOD DP APPLTIXO ICE TO COOL WI]fE.^-«IPPEBBBT LIQUIDi 
lir A BENT TUBE.— METHOD OF RAISING WATER BT IMPBBSBATIBO 
IT WITH AIR. 



(66.) All that has been proved in the previous chapter re- 
spectinff the ascent and descent of solids in liquids is equallr 
applicable to two or more liquids in the same vesseL In this 
case, providing that no chemical combination takes place be- 
tween the liquids, the lighter will always ascend and remain 
above the heavier. And if more than two liquids be contained 
in the same vessel, they will severallv arrange themselves in 
the order of their weights, the lighter being above the heavier. 

If oil and water be mixed by shaking diem in the same bot- 
tle, they will speedily separate when the bottle is jdaced at rest 
on the table. The particles of the oil will rise, and those of 
the water fall, until they are totally disengaged fi«an one an- 
other ; the water occupying the lower part <^ the vessel and the 
oil the higher. If mercury, which is heavier than water, be 
added to ike mixture, it will take the lowest place, leaving the 
water immediately above, and the oil at the top. 

These effects are only manifestations of the principle which 
nas been alreadj^ so fully explained in its application to solids 
immersed in liquids. A particle of a lighter liquid immersed in 
a heavier displaces a portion of that heavier equal to its own 
bulk, and it is urged uowards by a force equal to the difference 
between its weirat ana the weight of the heavier liquid which 
it displaces. What is true of one particle is equally true of any 
number ; and when two liquids of difierent weights are mixed 
together, we may consider the particles of tile lighter to be 
urged upwards, by the predominating effort of the heavier to 
sink to the bottom. 
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There are numerous familisr effects which are manifeatatioos 
of the principle now explained. When a vessel of milk is al^ 
lowed to remain a certain time at rest, it is ohserved that a 
stratum of fluid will collect at the surface, differing in many 
qualities from that upon which it rests. This is called cream ; 
and the property hy which it ascends to the surface is its rela^ 
tive levity : it is composed of the lightest particles of the milk, 
which are in the first instance mixed generally in the fluid ; but 
which, when the liquid is allowed to rest, gradually rise through 
it, and settle at the surface. 

When blood taken from an inflamed patient is suffered to 
remain a sufficient time in a vessel at rest, it resolves itself 
into three parts, which arrange themselves in the order of their 
weights one above another. The heaviest element, called se- 
rumj settles at the bottom; above that a lighter substance, 
called coagulum^ arr&nffes itself; and at the top the lightest 
component part, called huff, is collected. 

If oil, which rises to the surface of water, be mixed with al- 
cohol or some other spirits, it will settle at the bottom. A 
weaker spirit is heavier, bulk for bulk, than a strong one, and 
its strength may be so fax reduced that it will no longer float 
on the surface of oil, but will sink below it ; this is the test 
wliich Axes the strength of proof 'spirii. All spirit which floats 
upon oil is said to be above proof. 

As all spirits are lighter than water, they will float upon its 
surface if they be not mixed through it But if these liquids 
be mixed, chemical effects will ensue, which will resist that 
separation which mechanical causes would produce. If a ves- 
sel be half filled with water, and a piece of paper be laid upon 
its surface, and wine be poured over the paper, on carefully 
removing the paper so as to produce the least possible agitation 
in the liquids, the wine will continue to occupy the upper part 
of the vessel, and the water the lower. But if, on the other 
hand, the vessel be first filled with wine, and the water be 
similarly poured over it, it will immediately sink through the 
wine, and the liquids will be mixed, their chemical affimty re- 
sisting the tendency of the wine to rise to the top. By the 
following contrivance, however, the wine and water may be 
made to change places without intermixture. 

p. ^ Let A and B, fg. 48., be two vessels connected 

^f^* by a narrow neck C. Let E be a tube from the 

BHB lower vessel B to the upper vessel A, and let D 

«A^|^^ be a tube from the upper vessel A to the. lower 

^^^ vessel B, and let all communication between the 

Jl^^ vessels except by these tubes be stopped. Let 

sUmiK B be filled with water to the neck C, and let A 

be filled with wine to a level above the mouth of 

Digitized by LjOOQ IC 



CHAP. TI. BEATED LlQVmS. 85 

the tabe fi. The water in the lower yeeeel, and the wme fai 
the upper vessel, will thus be in contact in the neck C, hat thej 
will continue separate, the wine will not descend into the wt* 
ter. The vessels being now emptied, let the lower vesael be 
filled with wine and the upper one with water. The water 
which fills the upper vessel, pressing on the wine in the tube 
pf will force it down, and compel it to ascend in E. The wine 
in the lower vessel will thus be gradually dischar|;ed in the 
upper, while the water in the upper will be deposited in th» 
lower. If the lower part of the vessel be concealed or formed 
of anv substance not transparent, such a vessel is used as a toy, 
by which water is apparently converted into wine. 

The fact that water at temperatures between the freezing 
point and 40^ is lighter, bulk for bulk, than at higher tempers- 
tares, has been already noticed.* It follows, therefore, that 
water at this temperature will float upon the surface of water 
at higher temperatures. Hence it Allows that the water im- 
mediately beneath a sheet of ioe floats above the less cold water 
-which is at greater depths ; and this liquid being a bad conductor 
of heat, the lower region of a frozen sea may be at a veiy mod- 
erate temperature, while the moat intense cold prevails above. 
Animal life may be thus preserved in the lower parts of the 
deep, which would be destroyed if the heat, thus confined there, 
were permitted to escape. The li^^hter stratum of fluid under 
the congealed surface lorms a barrier, in a great de^ee, imper- 
vious to the heat, and thus preserves the marine ammals which 
are in the lower parts of the sea. 

If heat be apphed at or near the surface of water contained 
in a vessel, the higher strata of the liquid may be made to boil, 
while the lower parts retain their original temperature. For, 
like all other substances, water expands when heated, and 
therefore becomes lighter ; consequently, the hot water at the 
surface will not descend into the lower part of the vessel, and 
the imperfect manner in which the liquid conducts heat prevents 
the lower strata from receiving any effbct firom the increased 
temperature of the surface.f 

On the other hand, if the water in the bottom of a vessel be 
heated, it will be rendered lighter by expansion than the cold 

* H is lifbtor Omd at miiim hifhtr tamp«r«torM near 40^, dMOfli not ligbUr 
than at all bif bar tamperatares. The expansion of water whilst in the flaid itate, 
baa bees found to be very nearly the tame for any nnmber of decreet below, aa for 
the tame nomber above, 40^. Hence, at do temperatare below &^, aatil tho watar 
ia eoMealed, will it be as light, bulk for bulk, as water at high temperatures.^ 

t If, however, the water be below 40^, asd the heat be applied very gradually, ao 
as to elevate the temperature of the surfoce but a fow degrees, it is evident, from 
the piinefples Just stated, that the water at the surfiiee will be rendered heavier, 
and that an iotermixtore will toke place thronghout the whole mass oatU lU tea 
pcnture has liMn to 40^.— Am. S». 
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water which is .boTe it ; aad, conformaWy to the pnwa)^ •{- 

n^ explained, it wiU Ucend through the cold water abow it 

K «iem^r as the paiticlea of oU would aece^d from 

Se^,SSl of a Teasel of wS^r and Aoatt the top. ^^^^ 

and higher strata thus interchange places, and ^« 1^' "»^ 

turn booming heated more than the «>"»«' X?*"'*!^'^ 

idaees with it Thus so long as the lower strata continueto 

Se increased temneratu^, a constant '"^rchange ofpo«- 

tion will be produced between the higher and 1«^«' «^ J' 

the Uquid : amending and descending currente wiU be constanfly 

maintained unta the liquid^ boil. v„ „.„iw 

This effect may be exhibited in such a manner as tobe eaaly 

observed. Let a^tall glass jar be filled with coM water, M>d let 

4 small quantity of amler reduced to powder b«titeor\™^ ^ 

Amber being very nearly equal m weight, k?"^/"' ^^l" 

water, the fifference of weight produces so slight a tendency 

to U to sink, that this tendency is overcoine by the molecd« 

S^on of the water for ita p«rticles; i*. A^'!^'^'^^?^ 

suspended in the liquid, being mixed through evei7 part ot it, 

and M distinctly viiible to the eye. Let the jar be ^ow mb 

mersed to a small depth in a vessel of hot water, so f»tm 

lowest strata o£ water in the jar may be graduallv heated. 1 ne 

water at the bottom of the jar will be "^■e'^ei continually to 

ascend, carrying up the particles of amber ^tl».»t. '"^« ^ 

upper strata dMcend. This will be rendered visible by the 

ascent and descent of the particles of amber. . 

In like manner if the jar be totally submerged in anotter 
glass jar of boiling water, the portion of water near the surftce 
of the submerged jar Witt first become heated, ^-i,^^^*"- 
fore be Ughter than the water near its centre. In,«f ?**^.''« 
sbaU observe a current of amber particles c°ntmuaUyascendmg 
near the surface of the submerged jar, while a contra^ ciment 
is constantly maintained near ita centre. The heated wat« 
near the surface thus continuaBy interchanges places witn tne 
colder water in the centre. „uj«i, :<i 

When a liquid has attained a certain temperature, which w 
always the same* in the same Uquid, but which differs in dtf- 
ferent liquids, it will be incapable of any further »ncw"««- " 
the vessel which contains it be exposed to fire, or "F ?"»?! 
sonrce of increased heat, the effect produced upon the liquia 
will not be to make it hotter, but to convert it mto vapor « 
steam. If the lowest stratum, as is usually the case, be uiai 

» Th. t«mp«i*tnr. .t which thto UkM pta«. "ri« «««J^ « iTfl^Tft 
^ ^ ■ impoiuuit of which i« t£. degree •' PJ^S^!? "!taS^i*« 



■taneet, Uie most .. 
will be obviouB from 



WiU be obvious from tkit, when the mbject of •^^^I**"^. ^^^^^ 
been considered, that boiling water cannot always be eqw^ £ ' dJ ^wS^ 
tore is found by experiment to vary at the aame place, and *« J»|»««»' *^^ "* 
the tops of high mountains than at the level of the oeean.— *»• ■»'• 
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which is exposed to the fire, the water in it will bo fint con- 
verted into steam, which will be produced in babbles at the 
bottom of the vessel. These, being manj hundred tunes lighter 
than the liquid, will rise with great rapidity to the surface, where 
they will escape into the sir, producing that agitated uypear- 
ance on \he^ i^Brftce of the liquid which is caUed boiling or 
ebullition.* A 

if From the above reasoning it will be evident, that, if fire be 
pplied for a sufficient lengtii of time to the lowest part of a 
vessel containing^ a liquid, the whole of the liquid in the vessel, 
however remote it may be from the fire, will ultonatelv become 
heated ; for the water occupving the lowest strata will continu- 
ally ascend by its increased levity, until the whole mass of 
liquid receives the highest temperature of which it is capable . 
An apparatus for the warming^ of houses is constructed on this 
principle. A small metal boiler, made water tight, is placed 
upon a fire in the lowest part of the building. A tube proceeds 
from this vessel, and is carried through all the apartments 
which are required to be heated, passing along the waUs in any 
convenient direction. The tubeiB and boiler are completely 
filled with water. A fire is kept lighted under the boiler so as 
to heat the water which it contains. As this becomes lighter 
by increased temperature, it ascends throu^ the tubes, and is 
replaced by the colder water descending ; and this continues 
until the water in all the tubes is raised to the boilinff point : 
the metal of the tubes becomes uhimately heated to ue tem- 
perature of boilinff water, and imparts an increased tempera- 
ture to the air which surrounds them. 

The same tubes being fiimished in proper places with cocks 
will supply hot water for baths and other domestic purposes in 
every part of the building. 

The same reasoning which proves that to heat a liquid the 
source of beat should be applied to the lowest strata, necessa- 
rflv leads to the conclusion, that to cool a liquid the source of 
cold should be applied to the highest strata. If the lowest part 
of a vessel containing a liquid 1^ plunged in melting ice, the 
liquid near the bottom, imparting its neat to the ice, will be 
cooled, and being rendered heavier than the liquid above, it 
will remain at the bottom. In this case the only part of the 
vessel which will b^ cooled will be the lower strata ; the upper 
parts will maintain their fonner temperature. But if the hignest 
stratum of the liquid in the vessel be surrounded by melting 
ice, it will be first cooled, and being rendered thereby heavier 

'*' Those bubbles, whilst they remain at the bottom, impede the entraoce of the 
heat iDto the water. Is not a defieiency of upward pressure, in cooseqaenee of 
their contact with the bottom of the vessel, one of the cauRPs which protract their 
stay at the bottom ?~Am. Ed. 
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wSl Bink to the bottom, displacing the wanner liquid below. 
This process will be continued so long as the highest stratum 
has a temperature above that of the cooling ^plication.* 

Hence it appears, that when ice is used to cool wine, it wiU 
be ineffectual if it be applied, as is firequentlv the case, only to 
the bottom of the bottle ; in that case tiie only part of the wine 
which will be cooled ia that part nearest the bottom.. As the 
application of ice to the top of the bottle establishes two cur- 
rents, upwards and downwards, the liquid will undergo an effect 
in some decree similar to that which would be produced by 
ahaking the bottle. If there be any deposit in the bottom whose 
weijght, bulk for bulk, nearly equals that of the wine, such de- 
posit will be mixed through the liquid as effectually as if it had 
been shaken; in such cases, therefore, the wine should be 
transferred into a clean bottle before it is cooled. 

(67.) We have shown that the same liquid, in communicating 
vessels, will always stand at the same level ; this property de- 
pends on the circumstance of columns of equal heights having 
equal weights : consequently it follows, that if communicating 
vessels contain different liquids, of which equal columns have 
different weights, they will not stand to the same level. The 
vessel which contains the lighter hquid will have its surface at 
a greater height, because a column of equivalent weight to the 
heavier will necessarily be higher ; and not only so, but higher 
exactly in that proportion in which tiie liquid is lighter. This 
will be more clearly understood by the following illustration : — 
Let B B', Jig. i^^ be a horizontal tube con- 
^^' 4d. nected with two upright tubes, A B and A' B', 
p|A a'pi and let a stopcock be placed at B'. Let the 

I chl horizontal tube B B' be filled with quicksilver, 

Uc II and let two liquids lighter than quicksilver, and 

H , II which, bulk for bulk, have different weights, be 

Ij^^^gjb poured into the tubes A B and A' F to any 

•^^^*^^ heights as C and C It is evident that the 

stopcock B' is pressed downwards by the weight 

of the column C B': also it appears that the mercury at B is 

pressed downwards by the weight of the column C B ; and this 

pressure is transmitted by the mercury to the stopcock B'. The 

stopcock is, therefore, under the effects of two opposite pros* 

sures, viz. the weight of the column CX W downwards, ana the 

weight of the column C B upwards. If either of these pres* 

sures be greater than the other, a corresponding motion would 

take place on opening the stopcock ; thus, if the weight of the 

column C W were greater than that of the column C B, the 

* It will be continued until the whole maie of the Hquid ii eooled to 40* : et thte 
ume the eorrenti cease. Hence, ice floating or retting on deep tranquil watit 
wee not reduce the whole mast to its own temperatore.^AM. IS». 

Digitized by VjOOQ IC 



CBAP. VI. t*BS8SUE£ OF DtrFBBENT LiaVlD*. W 

mercury wodld be preMed towards B, and the liquid mO B 
would eoter the horizontal tube* If, on the contranr, the weight 
of the column C B were greater than that of O B% the upward 
pressure at W would be greater than the downward ; and, on 
openinff the stopcock F, tbe mercury would be pr essed up the 
tube W A'. In order, therefore, that the liquids in the two 
tubes should be in equilibrium, on opening the stopcock it is 
necessary that the weig^hts of the columns in the upri^^t tubes 
should be equal ; in which case, whether the stopcock ia open 
or closed, equilibrium will be preserved. 

From this conclusion it is apparent, that the surfaces C and 
C^ will not stand at the same level unless the liquids in the 
upright tubes have, bulk for bulk, the same weicht ; for if one 
be lighter than the other, bulk for bulk, it wiJS, in the same 
proportion as it is lighter, reouire a greater heiffht of column to 
give the same weight as the heavier liquid. Thus, if a pint of 
tiie lighter liquid wei^h fordr ounces, and a pint of the heavier 
weigh fifty ounces, it is evident that a column of the latter, for- 
ty inches in height, will exert the same pressure as a column 
of the fonner fifty inches in height ; or m general it may be 
stated, that the two columns will exert equal pressures, provid- 
ing that the height of the column of heavier liquid shall bear, 
to the height of the column of lighter liquid, the proportion of 
forty to fifty, or of four to five. 

l%e communicating vessels in this case are represented as 
tubes of equal magnitudes ; but, by comparing the conclusions 
at which we have just arrived with the reasomng used in (38.), 
it will be apparent that these inferences may be generalized ; 
and that liquids, contained in any commumcating vessels of 
whatever shape or position, will, when in equilibrium, have their 
surfaces at heights determined on the principles just laid down. 
The suHaces of tke liprhter liquids will be more elevated than 
those of the heavier m proportion as their weights, bulk for 
bulk, are less. 

Let A B Cfjig, 50., be a bent tube, open at the ends A and 



C, and let oil and water be poured into it ; let S be the surface 
of the water on which the oil rests, and draw the horizontal 
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line S M. If the oil were removed from the leg A B, mud the 
water above M also removed from the leg C B, the water be* 
low S M in the carved tabe would remain in eqoilibrioni, since 
the surfaces S M are at the same level. That this equilibrium 
mav be continaed when the oil is introduced into the leg A B, 
and the additional water into the leg C B, the pressures which 
these liquids excite at S and M must be equal ; but the. pres- 
sure at 8 is equal to the weight of a column of oU, whose height 
is 8 N, and the pressure at M is equal to the weight of a col- 
umn of water, whose height is M P, as has been proved in 
(37.| (38.), &c. Hence the height 8 N must be greater than 
the neiffht M P, in the same proportion as water is heavier than 
oil ; and a similar conclusion' may be obtained with respect to 
any other liquids. 

The property bv which a short column of a heavier floid will 
support a long column of a lighter one, has been used by Bf. 
Dectot in machines invented by him, called hydreoles, for the 
purpose of forcing water above its original leveL In tli^e ma- 
chines water is, by an ingenious contrivance, mixed with air; 
the mixture is of course hffhter, bulk for bulk, than pure water, 
and a short column of the latter will support a long one of the 
former. There axe different methods of impregnating the liquid 
with air ; one in particular is by forcing the air into the water 
by a bellows, through a plate pierced with a number ctf very 
small holes, like the cover of a sand bottle, or the rim of a gas 
burner ; the air thus enters the water in extremely minute glob- 
ules, so that their buoyancy is insufficient to overcome the 
molecular force which attaches them to the particles of the 
water. An upright tube containing the water thus impregnated 
with air, communicates with a reservoir containing pure water; 
and the liquid in this upright tube will stand as much higher 
than the water in the reservoir as pure water is heavier than 
the water surcharged with air. The reservoir answers the 
double purpose of su{^lying the water and pressing it up in the 
tube ; for, as it passes from the reservoir to the tube, it encoun 
tors tiie jets of air which charge it - ^-•" 
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CHAP. VIL 

SaUILIBRIUM OF FLOATTKO BOMM. 

COH1>ktkO)lS OF XqUILlBRIUM.— CASES OF STABLE, IITSTABLK, ABD 
HSUtRAL EQUILIBRIUM. — EXPERIMENTAL PROOF.— FEAT OF WALK- 
INO Olf THE WATER — LIFE PRESERVERS.*— STABILITT OT SRtPS.^— 
POSITION OF CAROO^—BALLAST.— DANGER OF STANDIBO OP |V A 
BOAT.— 'INCLINATION OF A SAILING YBSSBL^— BOW ATOIOBD IV 
8TXAM VESSELS. 

(68,) The circumstances under which a solid will sink, rise, or 
be suspended in a liquid, have been Ailly explained in chap. iv. 
But these circumstances are insufficient to determine the exact 
state of the body with respect to motion or rest A body may 
be in equilibrium with reference to any perpendicular motion 
sowatrds or from the surface of the liauid ; that is, it may nei* 
ther rise nor sink, but yet it may not be in a state of absolute 
rest. Again, to say that a solid rises or sinks in a liquid with a 
certain force, does not describe its state with exactness ; while 
it rises or while it sinks, it may also have motions of another 
kind ; such as motions in an oblique direction, or rotatory mo* 
tlons. To explain fully, therefore, all the conditions which 
affect the state of a solid immersed, aU the particulars here 
alluded to must be investigated. 

The motions of which a solid body is susceptible may in gen- 
eral be reduced to two, viz. pro^essive motion, and rotatory 
motion. In progressive motion, all the particles of the solid 
are carried forward in parallel lines with the same speed : in 
rotatory motion, the body remains in the same place, but turns 
round some point within it as a centre. Let ABC D,^. 51., 
be a solid body, and let E F and W F' be the dilrections of two 
forces acting on it in parallel and contrary directions ; if these 
two forces be equal, it is evident that they cannot give the body 
any motion in the Erection E F or in the direction E' F' ; for, 
since the forces are equal, there is no reason why the body 
should move in the one direction rather than the other. Such a 
supposition would necessarily involve some distinction between 
the two forces, whereas no such distinction exists. A force 
of a pound weight drawing a bodv towards the nortii, and 
another force of the same weight dbrawing the same body to- 
wards the south, evidently cannot produce motion in either of 
these directions. 
The effect of two such fbices a» axe supposed to*act in Jig. 
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51. will be to give the body a motion of rotation in the direction 
A BCD. 

But if the equal forcesi instead of acting in paxallel lines, 
acted in the same right line, and in contruy diiectioiiSy then 
thej would be mutually neutralized, and the body would be 
kept at leet 




If the forces represented in fig, 51. were une<iual, then the 
body would receive a progressive motion in the direction of the 
greater force ; but as a consequence of the forces not being in 
the same straight line, the body would also receive a motion of 
rotation in the direction A B C D. It would be carried along 
in the direction of the prevailing force, and during its progress 
it would spin or revolve. 

If, however, the unequal and contrary forces act not in parallel 
lines, but in the same line, then no rotation will ensue, but the 
body will advance with a progressive motion only according to 
the direction of the prevailing force. 

These general mechanical prihciples being clearly understood, 
all the effects produced by the immersion of a solid in a liquid 
may be rendered easily intelligible. 

Let us suppose a solid body of any proposed figure immersed, 
whether totally or partially, in a liquid. 

A downward force equid to the weight of the solid is opposed, 
as has been shown in chap, v., by an upward force equal to the 
weight of the liquid which the solid displaces. If either of 
these forces be greater than the other, the body will have a 
tendency to rise or sink proportional to their difference ; and if 
they be equal, the body will be in equilibrium as to its ascent 
and descent in a perpendicular direction ; but it still remains to 
be decided, whether the solid may not move in the liquid with- 
out either rising or sinking. 

To determine this it will be necessary to ascertain the exact 
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directions of the two forces downwards tad upwards whacb ael 

upon the body. 

The downward force being the weight of the solid, acts in a 
direction pointing perpendicularly downwards from its centre 
of gravity.* The direction of the upward force is not, however, 
80 obvious. It is to be considered that the liquid presses upon 
the solid exactly in the same manner as it would press upon the 
liquid whose place the solid occupies. Now it is certam, that 
if the space in the liquid, occupied by the solid, were occupied 
by the liquid which tiie solid has displaced, that liquid would 
remum at rest Consequently, the downward pressure of that 
liquid would be neutralized by the upward pressure of the sur* 
rounding liquid. Therefore, whatever that upward pressure be, 
it must be equal to the downward pressure of the liquid dis- 
placed by the solid, and it must act upward in the same line as 
the latter acts downward. But it is easy to perceive that the 
downward force of the liquid displaced by the solid is equal to 
the weight of such liquid, and acts perpendicularly downwards 
from the centre of gravity of such liquid. Hence, it is evident 
that the upward pressure which acts upon an immersed sdid is 
equal to the weight of the liquid displaced, and that it acts di- 
rectly upwards in aline from the centre of gravity of the liquid 
so displaced. 

This may be also explained as follows : — Suppose the place 
which the solid occupies in the liquid to be filled by another 
solid of uniform density, and whose weight is equal, bulk for 
bulk, to that of the liquid. Such a solic^ as far as relates to 
any effects of weight or pressure, is equivalent to the iiquid 
whose place it occupies ; and as that liquid would in its situa^ 
tion remain at rest, it will also remain at rest Hence, it ap- 
pears that the upward pressure upon it must be directed in the 
same line as that in which its weight is directed downwards ; 
but this direction is that of the perpendicular line passing 
through its centre of gravity. It is evident that the upward 
pressure against such a solid must be the same as against any 
other solid, the immersed part of which occupies exactly the 
same place ; and therefore it may be inferred generally, that 
the upward pressure is in the direction of a line drawn directly- 
upwards from the centre of gravity of that pSrt of the solid 
which is immersed, the density of that part being, like the liquid, 
supposed to be uniform. 

Let A B C D be a solid immersed in a liqmd, either partially, 

I in figi 52., or totally, as inj^* 53. Let E be the centre of 
„ ravil^ of tiie solid, and let £/ be the centre of gravity of the 
fiquid which the solid displaces. The weight of the scdid acta 

* Cab. Cjro. If eebaaio*, elwp. U. 
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downwards in the direction £ F, and the pressure of the sur- 
roonding liquid acts upwards in the direction E' P. These 
two lines are both perpendicular to the surface of the liquid; 

Fig.lXL 




they are in the vertical direction, and are parallel to each other. 
It is evident from the position of these lines, that whether the 
downward and upward forces be equal or unequal, they have a 

Fig. 6$. 




tendency to make the solid revolve or roll in the direction 
A D C B. If the downward and upward forces be unequal, this 
rolling motion will be accompanied by an ascent or descent of 
the solid in the liquid, according as the upward or downward 
force predcHuinates ; and if they be equal, no vertical motion 
will accompany the revolving one. 

Let us now suppose the position of the solid inmiersed to be 
such, that the points E and Ey shall be in a straight line perpen- 
dicular to the surface of the fluid. In this case the point E may 
either be above E', as in Jig. 54. and fg. 55., or below it In 
either case the contrary forces upward and downward are di- 
rectlv opposed to each other, and have no tendency to produce 
rotation. The solid will in this case sink or rise according as 
the upward or downward force predominates. 
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If the immersion be such in these cases that the liquid dis- 
l^aced is equal in wei|[fat to the solid, no motion whttterer will 
take place, and the sofid will be in absolute equilibrium, neither 
rising, sinking, nor rolling, w 

Fig. M. 



y,. 




(69.) A solid immersed in a liquid may have several distinct 
positions of equilibrium, possessing all the various characters 
of stability, instability, and indifference, explained in Mbchan- 

Fig. 66. 




ics.* It has been just shown that whatever species of equilib- 
rium the body may be in, it is an indispensable condition, that 
the line drawn from its centre of gravity to the centre of gravity 
of the liquid which it displaces, should be perpendicular to the 
Buiface of the liquid, or in other words, that it should be in the 
direction of a plumb line. If this be the case, the solid will 
be in equilibrium; but to distinguish the peculiar kind of eaui- 
librium in which it will be placed, it is neicessary to attend to 
other circumstances. * 

If the figure and position of the solid be such, that upon a 
slight change of position, by which it^ still displaces its own 

* Cab. Cye. Mechanics, (159.) el Mq. 
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weight of fluid, its centre of gravity takes a higher position 
than it had when in equilibrium, then the equilibriom will be 
■table ; because the centre of gravity having always a tendency 
to descend will return to its former position, and will oscillate 
from side to side of that position, until the solid, by its friction 
with the fluid, at len^ attain a state of rest. Such is the 
character of stable equilibrium. 

If the position of the solid in equilibrium is such that a slight 
disturbance, which still causes it to displace its own weight of 
liquid, will make the centre of gravity, take a lower position, 
Uie body will not return to its former position of equilibrium, 
nor will it oscillate from side to side of that position as in the 
former case ; for to do so it would be necessary that the centre 
'»f gravity should ascend, an effect which is contrary to its char- 
acteristic property. 

The centre of gravity will therefore continue to descend 
until it gets into another position, such that the line joining it 
with the centre of gravity of the fluid which it displaces shall 
be perpendicular to the surface of the fluid. Any disturbance 
from this position must necessarily cause the centre of gravity 
to ascend, and therefore this is a position of stable eqail3>riam. 

The shape and position of the body ma^ be such, that, what- 
ever be the position in which it displaces its own -weight of the 
liquid, the elevation of its centre of gravity will be Sie same : 
in other words, any motion which it may receive, allowing it 
still to displace its own weight of liquid, will cause its centre 
of gravity to move in a horizontal plane, and, as in this case the 
centre of gravity neither ascends nor descends, it will rest in 
equilibrium in all positions. Such is the state of indifferent or 
neutral equilibrium. 

(70.) If the solid be totally immersed, the liquid which it dis- 
places will be equal, both in shape and bulk, to the solid, and 
the centre of gravity of this liquid will therefore be the same 
as the centre of gn^vity of the solid, if the latter have, like the 
former, a uniform density ; but if the solid be heavier in one 
part than in another, which would be the case if different parts 
were composed of different materials, then the centre of gravity 
of the solid will not be in general in the same place in which 
it would be if the solid were of uniform texture, and therefore 
will not coincide with the centre of gravity of the liquid dis- 
placed. 

If the centre of gravity of the solid have that situation which 
it would have if the texture of the solid were uniform, then 
u^n total immersion the points marked E and EX, in^. 53., 
will be one and the same, and the lines E F and E' F' can never 
be parallel to each other whatever be the position of the body 
in the liquid, but will always be directly and immediately op- 
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posed. Hence the downward and upward foicet, the directioiui 
of which are expressed hy those lines, can never act in sach a 
inanner as to cause the body to revolve, but can merely give it 
a tendency to ascend or descend in the liquid without any other 
change of position. If in this case the weight of the solid b« 
equal to that of its own bulk of the liquid, it will be suspended 
in equilibrium in any position whatever when it is totally sub* 
merged. In this case the solid, when totally submerged, is 
always in a state of neutral equilibrium. 

If the centre of gravity of the solid be not in that situation 
which it would have if the solid were of uniform texture, then 
its position will not coincide with that of the liquid whose place 
it occupies when totally submerged. If tiio weiffht or the 
solid be equal to that of its own bulk of the liquid, there are in 
this case onljr two positions in which, when submerged, it will 
be in equilibrium* These are the positions in which the centre 
of gravity of the solid is immediately above and immediately 
below the centre of gravity of the liquid whose place it occu- 
pies. If the centre of gravity of the solid be immediately 
above that of the liquid msplaced, it is in the highest position 
which the circumstances of the case admit it to have, ana there- 
fore, the least disturbance must cause it to descend, which it 
will continue to do, until it takes the other extreme iKwition in 
which it is immediately below the centre of gravity of the liquid 
displaced. The former, therefore, is the position of instable 
equilibrium, and the latter, of stable equilibrium. 

(71.) These various effects of total submersion may be easily 
verified experimentally. Let a hollow brass ball be provided 
with a small weight within it, movable by a screw, in such a 
manner, that the centre of gravity of the ball may be made at 
pleasure, either to coincide with its centre, or to take other 
positions at any distance from its centre ; and let the weight of 
the ball be so adjusted that it shall be equal to the wei^ of 
the liquid which it displaces. 

First, let the centre of gravity of the ball be so adjusted as 
to coincide with its centre. It is evident that it will thus have 
the same position, as the centre of gravity of the li(}uid which it 
will displace. If the ball be now totally submerged m the liquid, 
it will be found that it will rest iii any posiUon whatever, in 
which it is placed ; whatever point of the ball be presented 
downwards will remain so. 

Let the screw be now so adjusted that the centre of gravity 
of the ball shall be at some distance from its centre, and let the 
ball be totally submerged. It will be found, if such a position 
be given to the ball, that its centre of gravity shall be immedi- 
ately below its centre, the ball will remain steady in its posi- 
tion ; but if it be placed with itt centre of gravity presentod in 
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any direction sidewaya, the ball will turn on its centre, and the 
centre of gravity will fall towards that position in which it is 
immediately under its centre, and the body will vibrate until 
the firiction of the fluid reduces it to a state of rest. If tlie ball 
be submerged in such a position, that its centre of gravity shall 
be immediately above its centre, then the ball wm remain in 
equilibrium for an instant, while it sustains no disturbance; 
but its balance will be tottering and instable, and will almost 
immediately be lost, and the ball will reverse its position, throw- 

\\ ing its centre of gravity into the situation inmiediately opposite 

^^ to that in which it was placed. 



\\; (72.) But the conditions of stability are of much greater in- 

\ terest and practical importance in their application to solids 
I which are lighter, bulis for bulk, than liquids. In this case the 

degree of immersion which produces ec^uilibrium, is always 
partial, and the centre of gravity of the liquid displaced does 
not, as in the former case, coincide with the situation which the 
centre of ffravity would have if the texture of the solid were 
uniform. Therefore a solid of uniform texture, or having its 
centre of gravihr in the same situation as one of uniform tex- 
ture, will not float in equilibrium in every position. It will 
only be in equilibrium when the centre of gravity of the liquid 
displaced, shall be either immediately (J}ove or immediately 
below the centre of gravity of the soli£ In this case, the situa- 
tion of the centre of gravity of the liquid displaced, will depend 
on the shape of the body, and the part of it which is immersed. 
Of all llie various positions which can be ^iven to a solid 
lighter than the liquid, in which it will displace its own bulk of 
the liquid, if there be one in which the centre of gravity will be 
lower than in any of the others, that one will be a state of 
stable equilibrium, and it will be one which the body will al- 
ways endeavor to attain whatever other position may be 
given to it. 

The shape of a body may be such, that in whatever position 
it floats its centre of gravity will be at the same depth ; such a 
body is always in a state of neutral equilibrium ; the least dis- 
turbing force will cause it to change its position, and it will re- 
main in any new position which may be given to it 

Let the hollow brass ball already described, have its weight 
so adjusted, that it shall be lighter, bulk for bulk, than water; 
and l^t the screw be moved until its centre of gravity coincides 
with the centre of the ball. Prom the round form of the ball 
it is evident that, in whatever position it is immersed, it will be 
at the same depth when it has displaced its own weight of 
water. Therefore its centre of gravity will in this case be at 
the same height or depth in every possible position in which it 
can float It will be found, therefore, that it will float on the 
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water steadily in any position in which it ia placed ; it will ba 
in a state of neutral eqoilibrium. 

I^et the screw be now so adjusted as to remove the centre 
of gravity from the centre of the ball, it will be found that it 
will onlv float steadily when the centre of gravity is immedi« 
ately below the centre of the ball ; it will turn from any other 
position, and settle itself into this. If it be placed so that the 
centre of gravity is directly over the centre of the ball, the 
equilibrium wiU be momentary, and upon the slightest change 
of position the ball will be overturned, and the centre of gravi^ 
will setde itselfimmediately below the centre of the baU. 

(73.) From these observations, it will be apparent that any 
body, the parts of which have different weights, will only float 
steadUy when the heavier parts are immersed ; for the centre 
of gravity is always situated among these or near them, and 
therefore, when it has the lowest position, these must also be 
placed in the lower parts of the booy. 

A feat of dexterity has been exhibited by a person walking 
on the surface of water, having inflated bladders, or some other 
bodies which axe lighter, bulk for bulk, than water, attached to 
the feet The body of the exhibitor is, in this case, in a state 
of instable equilibrium. His centre of gravity is directly over 
that of the water which he displaces, and hia skill consuts in 
keeping his centre of gravity balanced in that position. This 
feat may be facilitated by carryinfi^ a staff widi an inflated blad- 
der tied at the end. of it, by which three points of support may 
be occasionally commanded. 

For the same reason that buoyant bodies are in this case at- 
tached to the feet, thejr are attached to the waiat in the case 
of life-preservers. Their position and magnitude should always 
be regulated, so that the centre of gravity of the body* shall 
be in the lowest position when the person is upright. 

The weight of the several component parts of a ship and its 
cargo should always be so regulated that the centre of gravity 
of 3ie whole should be at the LSwest possible point, when the 
ship is in the upright position. IK 

VHence arises the necessi^ of stowing the heaviest part of 
the car^o in the lowest possible position, and so that its centre 
of gravity shaU be immediately over the keel ; in that case, any 
inclination of the vessel on either side would cause the centre 
of ^avity to rise, to accomplish which would require the ex- 
ertion of a force proportionate to the weight of the vessel, and 
the heiffht through which the centre of gravity would be so 
elevated. When a vessel is without a car^o, and empty, the 
weight of the masts and rigging might raise the centre of 

* That is, the cominon centre of gnrity of tht hwMUi body, and tho Imoytnt 

■ubitanee.— Am. Ed. 
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fwntf of the whole to such a height, as to render the equitib- 
rium instable : hence, in such cases, it becomes necessary to 
introduce heavy bodies into the lower part of the vessel, to 
bring down the centre of ffravit^, and to give stability to the 
Mp. Hence bodies used for this purpose are called hallasi. 

The equilibrium of a boat may be rendered instable by the 
passengers standing up in it ; for, in this case, the weight of 
their bodies may place the whole in the same predicament as 
persons having bladders tied to their feet The slightest dis- 
turbance, under such circumstances, would overturn the boat 

If the position of the centre of gravity of a vessel and her 
fteight be not directly over the keel, the vessel will incline to 
that side at which the centre of gravity is placed ; and if this 
derangement be considerable, danger mav ensue. The rolling 
of a vessel in a storm, may so derange the position of a loose 
cargo, that the centre of gravity may be brought into such a 
situation, that the vessel may be thrown on her beam ends tmd 
irretrievably lost 

When the centre of gravity is immediately over the keel, a 
side wind acting on the sails will incline the vessel the oppo- 
site way ; this inclination would be much more considerable, 
were it not that tlie weight of the vessel, acting at the centre 
of gravity, counteracts it, and has a tendency to restore the 
vessel to the upright position. The several forces which main- 
tain the vessel in the inclined position produced by a side wind, 
may be illustrated as follows : — ^Let A B,^. 56., represent the 

Fig. 66, 




position of the vessel ; let S represent the point at which the 
wind acts upon the sail, and let^ W represent the direction of 
the wind : let E be the centre of gravity of the vessel and her 
cargo, and let E P be the direction in which her weight acts. 

Let C be the centre of gravity of the water which the vessel 
displaces, and E' P' the direction of the upward pressure. If 
the effeet of the upward and downward forces at E and E', bo 
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considered for a moment, it will be perceiTed that they have a 
tendency to incline the veasel to the lide opposite to that to- 
wards which it is inclined by the wind. By the principles of 
the resolution of force established in Mbchajiics,* the force 
S W may be replaced by three others, two of which being equsL 
and directly opposed to the downward and upward forces at E 
and E', neutralize them ; and the third, actinij^ parallel to S W, 
merely carries the vessel sideways perpendicular to its keel, 
producing what is called ke-way. 

In sailmg vessels, this sideward inclination is a matter of 
comparativelv slight importance, inasmuch as it does not dimin- 
ish the impelling power of the wind : but in steam vessels, in 
which sails are occasionally used, it is attei^d with considera- 
ble loss of the impelling power, one of the paddle wheels being 
lifted out of the water, and the other being almost, if not en- 
tirely, submerged. The upright position may, however, be 
generally maintained by the due management of movable 
weiffhts placed on the deck of the vessel. In steam vessels, 
smaiu carnages heavily laden with iron, and furnished with 
wheels, are usually placed on the deck, and may be rolled from 
side to side, or placed in the middle, so as to regulate the po- 
sition of the centre of gravity according to the way in which 
the vessel is affected by the wind. By moving these carriages 
to the side of the vessel against which the wind is directed, 
the centre of gravity is moved from over the keel towards that 
side. Let E, J^. 57., represent the place of the centre of grav- 

Fig, srt. 



m: (;.• 



-w 



ity when over the keel, and let G represent the point to which 
the centre of gravity is transferred by moving the carriages to 
the side of the vessel ; let S be the point where the wind acts 
upon the sail S W ; the weight of the vessel acting at G, has a 
tendency to make it incline towards M ; and the force of the 

* Tab. Cyc. Merhanici, cliap. v. 
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wiBd, acting at 8 in the direction S W,ha« a tendency to makt 
It mchne towards L. These two forces counteract each other, 
and the vessel maintains its upright position. 



CHAP. vin. 

SPECIFIC ORAVITIES. 



OirFERENT SlirSES OF THE TERH8 HEAVY AKD LIGHT.— WEIGHT AS 
SOLUTE A5D ltELATl¥E.>-«P£ClFlC GRATITT.— STANDARD OF COX 

PARI80N FOR SOLIDS AND LIQUIDS.—FOR GASES.— DENSITY. THl 

IMMERSION or SOLIDS IN LIQUIDS GIVES THEIR SPECIFIC GRAVITIES. 
— METHODS OF ASCERTAINING SPECIFIC GRAVITIES.— HYDROSTATIC 
BALANCE.— 4IKES'S HYDROMETER.— NICHOLSON'S HTDROHSTXR.— 
DE PARCIEUX'S HYDROMETER .^METHOD OF DETERMINING THl 
CONSTITUENT PARTS OF COMPOUND BODIES. — ^ALLOTS OF MRTALS.— 
WIRITS.— ADULTERATION OF MILK AND OTHER DOMESTIC I.I^UIDS. 
— HIERO'S CROWN. — ^PENETRATION OF DIMENSIONS. 

(74.) In the preceding chapters, we have had frequent occasion 
to compare the weights of diflferent bodies, bulk for bulk ; and 
not only in science, commerce, and the arts, but even in owU- 
nanr colloquial intercourse, bodies are denominated heavier or 
lighter, according as the weights of the same bulk are greater 
or less. We say familiarly that lead is heavier than copper, 
and that copper is heavier than cork; yet it is certain that 
quantities of lead, copper, and cork may be taken which have 
equal weights. Thus, let lis suppose a pound of lead, a pound 
of copper, and a pound of cork, to be ascertained and set apart; 
It IS clear that these have equal weights, and that any two of 
tliem, placed in the dishes of a balance, would maintain equilib- 
rium. Yet still we do not cease to declare that cork is lighter 
^than copper, and copper lighter than lead. To perceive with 
precision what is meant in this case, let us suppose parcels of 
any three distinct substances placed before us, such as quick- 
silver, water, and alcohol, and let it be proposed to ascertain 
which of these liquids is the heaviest : we shall take any meas- 
ure of the quicksilver, and, having weighed it, afterwards weiffh 

^L^^%'°'^fT ""{^^ "^^^^^ ^°^ ^^^® «^cohol successively, 
llaymff found that the measure of quicksilver is heavier thin 
that of water, and water than that of alcohol, we shall immedi- 
ately conclude that quicksilver is a. heavier liquid than water, 
and Uiat water is a heavier liquid than alcohol. We shall form 
tms conclusion, even though the whole quantity of alcohol un- 
oor examination shaU weigh more than the quantities of the 
water or quicksilver. 
It appears, therefore,, that whea the weights of substances 
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are spoken of relatively to one another, without any reiWronco 
to particular quantities or masses of them, the weights meant 
to be compared are those of equal hulks. 

A substance is sometimes said to be heavy or light, apparent* 

ly without reference to any other substance. Thus air is said 

to be a very light substance, and ^old a very heavy one ; but» 

in such cases, a comparison is tacitly instituted between the 

weights, bulk for bulk, of these substances and those of the 

bodies which most commonly fall under our observation. When 

we say that air is li^ht, we mean that a certain bulk of air ii 

much lighter than uie same bulk of most of the substances 

which we commonly meet with ; and when we say that gold i« 

heavy, we mean that any portion of that metal is heavier than 

a portion of the same dimensions of the most ordinarj^ substancet 

that we meet with. This familiar use of a positive epithet 

to express a comparison between any quality as it exists in an 

individual instance and a similar quality as it exists in tht 

average of ordinary examples, is very frequent, and not confin 

ed to the case just alluded to. We speak of a very tall man 

and a very high mountain, meaning that the man or mountain 

in question have much greater height than men or mountains 

commonly have. A man of twentv years of age is said to be a 

very voung man, while a horse of twenty years of age is de* 

clared to be a very old horse, because the average age of man 

is much above twenty, and the average age of horses below it. 

From what has been now explained, it a])pears that the term 

weight is applied in two distinct, and sometimes opposite senses* 

A mass of cork may have any assignable weight as 100 tons. 

This weight is truly said to be considerable, and the mass is 

correctly said to be heavy ; but yet the cork which composes 

the mass is said, with equal truth and propriety, to be a light 

substance. / 

J( (75.) These two ways of considering the weight of a body 
may be denominated absolute and rekUive. The absolute weight 
of a body is that of its whole mass, without any reference to its 
bulk ; the relative weight is the weight of a given magnitude 
of the substance compared with the weight of the same magni- 
tude of other substances. The term weighty however, is com- 
monly used to express absolute weight, whue the relative weight 
of a body is called its specific gravity. 

The origin of this term is obvious.. Bodies which differ 
in other qualities are found also to differ in the weights of 
equal volumes. Thus a cubic inch of atmospheric air has a 
weight different from a cubic inch of oxygen, hydrogen, or any 
of the other gases. The number of grains in a cubic inch of 
gold is different from the number of grains in the cubic inch of 
platmum, silver, or any of the other metals. A cubic inch of 
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water contains a number of grains different from a cubic inch 
of Bidphuric acid, alcohol, or other liquids. Hence, it appears 
that the weight of a given bulk of any substance, being cdffer- 
ent from the weight of the sajne bulk of other substances, may 
be regarded as an index or test of its species^ and by the weights 
of equal bulks bodies may be separated and arranged in species. 
Hence the term specific weighty or spec^ grtfvUy. 

(76.) When bodies are to be compared, in respect of any 
common quality, a standard of comparison becomes necessary, 
in order to prevent an express reference to two bodies in every 
particular case. Thus, if we would express the height of any 
body without some standard measure, we could onl^ do so by 
declaring it to be so many times as high, or bearmg such a 
proportion to the height of some other body. But a root, or a 
yard, being known lengths, it is only necessary to state that the 
height of the body is so many feet, or so many jrards. In like 
manner, if we would express the specific gravity of lead, we 
should state that it had such a proportion to the weight of some 
other body, the weight of a certain bulk of which is known. 
But if one substance be selected, to which, as to a standard, all 
others shall be referred, then the specific gravity of any sub- 
stance may be expressed simply by a number which has the 
same proportion to one or the unit as the weight of any bulk of 
the substance in question has to tiie weight of an equal bulk of 
the standard substance. 

The body selected as the standard or unit of specific gravity 
should be one easily obtained, and subject as little as possible 
to variation by change of circumstances or situation. For this 
purpose water possesses many advantages ; but, in deciding the 
state in which it is to be considered as the standard, several 
circumstances must be attended to. 

First, The water must be pure, because tlie admixture of 
other substances will affect the weight of a given volume of it ; 
and since at different times, and in different places, water may 
have different substances mixed with it, the standard would 
vary, and therefore the specific gravities of substances ascer- 
tained with reference to it at dirorent times and places would 
riot admit of comparison. Thus, if the proportion of the weight, 
bulk for bulk, of gold to the weight of the water of the Seine 
werfe ascertained at Paris, and the weight of another specimen 
of that metal relatively to the water of the Thames were ascer- 
tained at London, the specific gravities of the two portions of 
metal could not be inferred unless it were previously known 
that the water of the Thames and the water of the Seine were 
composed of the same ingredients, or if not, unless their rela- 
tive weights, bulk for bul^ were previously determined. That 
the standard therefore may be invariable, it is necessary that 
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all substances which may be combined with the water shall be 
extricated. 

Such heterogeneous matter as mav be suspended in the liquid 
in a solid state mB.y be disengaged from it by filtration ; that is, 
by passing the liquid through a solid substance whose pores are 
smaller than the solid impurities to be extricated. If any sub- 
stances be held in solution b^ the water, or be chemically com- 
bined with it, they may be cUsengaged oy distillation ; that is, 
by raising the temperature of the liquid to a point at which the 
water win pass off in vapor, leaving the other substances be- 
hind ; or, if those other substances vaporize at a lower heat, 
they will pass off, leaving the water behind : in either case the 
water will be separated from the other bodies with which it is 
combined. It is evident that this latter process of distillation 
also serves the purposes of the former one of filtration. 

Secondly, The water being thus obtained in its pure state, 
and free from admixture with any other substance, it is to be 
considered whether there be any other cause which can make 
the same bulk of the liquid weigh differently at different times 
and places. We have already more than once alluded to the 
way by which bodies are affected in changes of temperature. 
Every increase of temperature, in general, produces an increase 
of bulk, and therefore causes a given volume, as a cubic inch, 
to weigh less. Hence, in comparing the weights, bulk for bulk> 
of any substances, at different times or places, with the weight 
of pure water, the results of the investigation would not admit 
of comparison unless the different states of the water with re- 
spect to temperature were distinctly known. In addition, there- 
fore, to Uie purity of the water taken as a standard, it ii expe- 
dient that some nxed temperature be adopted. It has been al- 
ready explained that water, as it decreases in temperature, also 
contracts its dimensions until it attains the temperature of about 
40*^ ; it then a^ain begins to expand: at this temperature of 40^ 
it is therefore m its least dimensions, and it is known that when 
Uie water is pure, its state at this temperature is independent 
of time, place, or other circumstances ; it is the same at all 
parts of the earth, and under whatever circumstances it may be 
submitted to experiment. 

The temperature at which pure water has its dimensions most 
contracted is called Uie state of greatest condensation, because 
then the mass of the liquid is reduced to the smallest possible 
dimensions, and its particles have the greatest possible proximity. 

The weight of a given bulk of disSlled water in the state of 
greatest condensation is, therefore, the standard of specific 
gravity.* 

« Thip U the bett sUndard. thoogh water at the temperature «r 60» ha» been move 
generally adopted by Engliih philoeophers.— Am. Ed. 
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As it may not be always convenient to obtain water at this 
temperature, when experiments on specific mvity are to be 
made, numerical tables have been constructed expressing the 
change of weight which a given bulk of water sustains with 
evety change of temperature ; so that when the specific gravi- 
ty of any substance has been found with reference to water cX 
any proposed temperature, it mav be reduced by a simple pro- 
cess of arithmetic to that which would have resulted, haixl it 
been compared, in the first instance, with water at the tenaper- 
ature corresponding to the state of greatest condensation. 

(77.) If the bulk of 1000 grains of pure water,* at the tem- 
perature of 40o of Fahrenheit's thermometer, be ascertained, 
the number of grains in the same bulk of any other body will 
express its specific gravity, that of water being 1000 ; or if the 
specific gravity of water be expressed by 1, the specific gravi^ 
of other substances will be expressed by a thousandth part of 
the former numbenif This onl}r requires that three decimal 
places should be taken. Thus it is found that a volume of gold, 
equal in bulk to 1000 grains of water, weighs 19,250 grains. 
Therefore, if 1000 be the specific gravity of water, 19,250 will 
be that of gold ; or if 1 be the specific gravity of water, the 
thousandth part of 19,250, which is 19|, will be the specific 
gravity of gold ; which, expressed bv the decimal notation, is 
19-250. A vessel which would be filled by a Uiousand grains 
of water would contain 19,250 grains of gold. 

Bodies which exist in the gaseous or aeriform state are so 
much lighter than water, that it is generally found expedient to 
refer them to another standard, which has a known relation to 
water : their specific gravities in relation to water would be 
expressed by numbers inconveniently small. The standard 
usually selected for bodies of this form is atmospheric air ; and 
to it the specific gravities of all bodies in the gaseous, aeriform, 
or vaporous state are referred, in the same manner as bodies in 
the solid or liquid are referred to water. 

Observations respecting this standard of gaseous specific 
gravity may be made similar to those already given respecting 
the liquid standard ; but, in the determination of the specific 
gravities of gases, there are many circumstances to be attended 
to of too delicate and complicated a nature to admit of being 
explained, with any degree of detail, in a treatise designed for 
popular use. We shall, however, notice some of them slightly 
as we proceed with the subject 

Atmospheric air is still more susceptible of changes in its 
volume, arising from change of temperature, than any bodies in 
the liquid or s<3id form. It is, therefore, the more necessary, in 

* It may be eoDTenient to remember that a cubic foot of pare water at the tem 
perature ofCO^ weighe, with great preciaion, 1000 ouncei avoirdupoii. 
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fixing the standard, that the temperature should be settled. 
The temperature which has been selected for this purpose is 
that of melting ice, which corresponds to dU9, or the freezing 
point, of Fahrenheit's thermometer ; this being a point which is 
independent of ti^ arbitrary divisions of thermometers in differ- 
ent countries. "% 

"^^he only cause which can affect the dimensions of a given 
weight of pure water is the temperature to which it is exposed. 
Although it is not absolutely incompressible, nor inelastic, yet 
it will undergo no sensible change of dimensions by any change 
of pressure to which, under ordinary cvcumstances, it is hMe. 
Therefore, in fixing the state in which it is to be regarded as a 
standard of specific gravity, all variation of external pressure is 
disregarded. The case is, however, altogether difterent with 
atmospheric air, which is sensibly affected in its dimensions 
even by the slightest change in external pressure. While the 
temperature of this fluid remains the same, the dimensions 
which a ^ven weight of it occupies may be subject to changes, 
almost without any assignable limit, and independently of any 
change of temperature. To fix the state of atmosphenc air, in 
which it shall be considered as a standard of specific gravity, it 
is necessary to declare the amount of the pressure to which it 
is subject The pressure selected by Biot, who has investigat- 
ed the specific gravities of gases with great success, is one 
wliich is equal to the pressure of the atmosphere when the ba- 
rometer stands at six hundredths of an inch below 30 inches.* 

The weight of atmospheric air and other gases is also affect- 
ed by the quantity of moisture which they hold suspended. 
An instrument, called a hygrometer, has been contrived for the 
purpose of showing the relative state of ^ases with respect to 
this moisture. A due attention to the indications of this instru- 
ment is therefore also necessary to settle the state in which 
atmospheric air is to be regarded as the standard. 

The state of the standard being then settled, the dimensions 
of 1000 grains- of atmospheric air are determined. The num- 
ber of grains, and fractions of a grain, of any other gases filling 
the same dimensions, will express their specific gravities, that 
of the standard being 1000. In order to ascertain the specific 
gravity of any gas with reference to water, it is only neces- 
sary to consider the specific gravity of the standard, atmospheric 
air, in reference to water. A portion of the former, equal in 
bulk to 1000 grains of the latter, will weigh one grain and 29 
hundredth parts of a grain. 

(78.) From all that has been explained, there are several in- 
ferences which may be made respNecting the relation between 

* Thit will be more eosily cgmprehended after pur treatUe on Pneon»atic« baa 
b^en ftudied. 
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the weights and bulks of bodies, which will be found useful in 
all investigations which relate to specific gravity. 

If two bodies have equal magnitudes, their absolute weights 
will be in the same proportion as their specific gravities. Thus, 
suppose a certain bulk of copper weighs 7600 ounces, and the 
same bulk of brass weighs 7824 ounces, then the specific grav- 
ities of the two metals will be in the proportion of these two 
numbers, because botb are related to the same standard, viz. 
water; and, in fact, the magnitude of 1000 grains of water 
is equal to that of 7600 grains of copper, and to 7824 of brass. 

If two bodies have equal absolute weights, then their specific 
gravities will be in what is called the inverse proportion of their 
magnitudes ; that is, the body which has the greater magnitude 
will have a specific gravity as much less than the other as its 
magnitude is greater.- Suppose A and B are two bodies of 
equal weiffht, the dimensions of A being twice those of B. If 
A be divided into two equal parts, each will have a bulk equal 
to that of B, and therefore the specific gravities of the two 
bodies will be in the same proportion as the weight of half of 
A is to the weight of B. But the weight of B is equal to the 
weight of A, and therefore the specific gravity of A is in the 
same proportion to that of B as the wei^t of half A is to its 
whole weight Hence, the specific pavity of A is half the 
specific gravity of B, while the dimensions of B are half the di- 
mensions of A. Thus the dimensions and the specific gravities 
of bodies are oppositely related when their absolute weights 
are the same. 

Prom the two properties just explained, it appears that the 
specific gravity of bodies may be ascertained either by deter 
mining the exact dimensions of quantities which have equai 
weights, or the exact weights of quantities which have eqwd 
^ /dimensions. 
/ pip (79.) It has been seen that the specific gravity of every body 
V ' / ' changes with its temperature, because the change of tempera- 
/ ture necessarily infers a change of dimensions. But an inquiry 
naturally presents itself: Does not the increase of dimension, 
produced by imparting heat to a body, arise from the body re- 
ceiving an additional quantity of matter insinuated through and 
among its particles, so that m its altered state it ought to be 
^viewed not as the original mass with increased dimensions, but 
/_ ^as a compound of the ori^nal body, and a new portion of mat- 
Lter added thereto ? This inquiry is tantamount to Uie question, 
whether the principle of heat be material. Nothing has been 
supposed in this case to be imparted to the bodv except heat ; 
and the heat so imparted has at least exhibitea one essential 
quality of matter, viz. the occupation of space, since it has forced 
asunder the constituent particles of the original body, which 
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it has penetntedy and compelled them to stand ntftgvealervdi*- 
tance to make way for its admissioiL It it true that this OTOCt 
may be imagined to be produced in other ways beside sapposinff 
the particles of heat to be material ; bat, however it be produeeol 
the fiict is certain, that when heat penetrates the dimrasions of 
a body, or, if we may be allowed the phrase, when it is mixed 
with a body, the dimensions of the c<Hnpottnd suffer an increase 
in the same manner as the dimensions of any two fluids, as wi^ 
ter and alcohol when mixed together are greater in bulk than 
the water was existing separately. 

The question, whether the increase of magnitude, caused by 
raising the temperature of a body arises fh>m its h«nngreceiT^ 
ed an^ addition of a material substance to its mass, can only 
be decided b^ previously fixing some one quality which will be 
regarded as inseparable from matter, and therefore tiie pres- 
ence or the absence of which being ascertained will decide the 
preseiice or the absence of the ad£tional portion of matter un- 
der inquiry. 

The quality which seems best adapted for such a test is weight ; 
and the question, whether the increased dimensions of a healed 
body proceeds firom its havin§[ received any increase of ponder- 
able matter, becomes one wmch is to be dlecided by direct ex* 
periment Experiments to ascertain this fact have been insti- 
tuted, attended by every circumstance which could contribute 
to ensure accurate results. The same body, at different tem- 
peratures, and therefore under different dimensions, has been 
accurately weighed, but no change of weight has been observ- * 
ed. We are, therefore, entitled to conclude that, whatever be the 
. nature of the principle which gives increased dimensions to a 
body whose temperature is raised, whatever it be which fills the 
increased interstitial spaces from which its constituent particles 
are expelled, it is not a ponderous substance, — ^it is not one on 
which the earth exerts any attraction,— -it is not one which if 
unsupported would fall, or if su{^rted would produce any 
pressure on that which sustains it 

It follows, then, that the change produced in the specific 
gravity of a body, by any change in its tem^rature, depends 
solely upon the change produced in its dimensions, and not 
upon any change which takes place in its weight We are, 
therefore, entitlod to conclude, that the specific gravity of any 
body at different temperatures is inoeraely as its magnitude; 
that is, in the same proportion as the dimensions of the body 
are increased by heat, in that proportion exactiy is its specific 
gravity diminished. 

(80.) Density is the term used to denote the prdnmity or 
closeness of the constituent particles of any body to each other, 
and tha density of a body is said to be unifoim when its con- 
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stitaent puticles are unifonnly and evenly distributed through 
its dimensions, so that the same number of particles occupy the 
same space in every part of its magnitude. This is the ordi- 

^ nary notion of densi^ ; but it is one which, strictly speaking, 
' is unphilosophical, because it is founded upon the supposed ex- 
istence of ultimate constituent particles, or molecules of bodies, 
the aggregate of which form their mass. However probable 
the existence of such molecules may be, they are not within the 
sphere of sensible observation, nor can their number or magni- 
tude under any circumstances be ascertained. In a strictly 
scientific sense, the term density can be regarded as scarcely 
different firom specific gravity. A body is more or less dense 
when a given volume of it contains more or less ponderous mat- 
ter, and it is uniformly dense when equal magnitudes of it, how- 
ever small, in every part of its dimensions have equal weights. 
When any body suffers a change of dimensions, either by ex- 
ternal pressure, or by the effects of heat, since it still contains 
the same quantity of ponderable matter, its density must he in- 
creased in the same proportion as its bulk is diminished, or vice 
venA, In whatever sense the term density be used, this is ob- 
vious ; for if it be supposed to refer to constituent particles, or 
atoms, it is evident that the same particles exist in the different 
states with a greater or lesser quantity of space between them. ^ 
L- If the term density be applied to bodies of different kinds, 

A such as silver and gold, it can only be used with strict propriety 
synonymously with specific gravity. If it have any reference 
to the proximity of constituent particles, and in that sense the 
density of gold be declared to have the same proportion to that 
of silver as the weights of equal magnitudes of these metals, it 
will be evidentiy implied, that the ultimate constituent particles 
of the gold are equal in magnitude to those of the silver, but 
that nineteen particles of the former are included within a space 
equal to that which contains only ten particles of the latter ; 
these numbers being taken to represent the specific gravities 

' of those metals. The hypothesis on which such conclusions 
as this are founded is not necessary in physical investigation ; 
and, indeed, the term density is rarely used, except when it is 
Implied to the same body when subject to a variation in its di- 
mensions. 

(81.) In the effects produced by the immersion of solids in 
liquids, we find many relations developed between the weig:hts 
and bulks of the solids and of the liquids in which they are im- 
mersed. Such effects, therefore, have a necessary connection 
with the specific gravities of these classes of bodies ; and when 
properly examined, it will be found that they will lead directly 
to practical &«ethods of ascertaining the specific gravities of 
bodies, both in the solid and liquid state. 
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It has been shown that a solid, heavier, buiK for balk, than 
a liquid, will sink in the liquid, and that its apparent weight 
when immersed will be less than its true weight, by the wei^t 
of the liquid which it displaces. As the weight of the solid, 
and the. weight which it loses by immersion, are the weights of 
equal mafmtudes of the solid and liquid, they will be propor- 
tional to their specific gravities. Hence we infer, 

1. That a solid will sink in any liquid which is specifically 
lighter than it. 

52. That the specific ^vity of the solid bears to that of the 
liquid the same proportion as the weight of the solid bears to 
the weight which it loses by immersion. 

(82.) If a solid be lighter, bulk for bulk, than a liquid, it will 
float on tiie surface, displacing as much liquid as is equal to its 
own weight It has been proved that when bodies have equal 
weights, their specific gravities are in the inverse proportion of 
their dimensions. (78.T Hence we infer, 

1. That a solid will float on the sur^e of any liquid which 
is specifically iQJiter than it. VvxtiATtXA. 

S. That the specific gravity or the solid bears to that of the 
liquid the same proportion as the part of the solid immersed 
bears to its whole dimensions. 

(83.) It has been proved that if the weight of a solid be equal, 
bulk forbidk, to that of a liquid, it will remain suspended when 
totally immersed, neither rising nor sinking. Hence it appears 
that this phenomenon is an in£cation that the specific gravities 
of the soUd and liquid are equal. 

(84.) If the same solid be successively immersed in different 
liquids which are specifically liffhter than it, the weights which 
it will lose by immersion in each of them will be the weights of 
portions of the several liquids, equal in bulk to the sohd, and 
therefore equcd in bulk to each other. Thus if a solid, measur- 
ing a cubic inch, be successively immersed in water, sulphuric 
acid, and alcohol, and the weights which it loses in each be ob- 
served, we shall obtain the weights of a cubic inch of each of 
these liquids. These weights will therefore be in the propor- 
tion of the liquids severally. Hence we infer, — 

^ That a solid, successively immersed in several liquids which 
are specifically lighter than it, will lose weights which are pro- 
portional to the specific gravities of the several liquids.** 

(85.) If a solid which is lighter, bulk for bulk, than several 
liquids, be made to float successively on their surfiuses, it vdll 
displace portions of them which in each case are equal to its 
own weight, and therefore equal in weight to each other. But 
it has been shown, that the specific gravities of bodies havinjif 
the same weight are in tiie inverse proportion of their magm- 
tudes. Hence we infer, — 
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^That if the same body float aucceflrively on the eartoes of 
different tiquida, the parts of it which are immoned in any two 
of them will be in the inverse proportion of the speeific gmvitieB 
of these liqoids." 

Thus, if the licroids be sulphuric acid and ether, the speoiiic 

Suyity of the smphuTic acid will have the same proportion to 
e specific gravity of the ether as the portion of the solid wfaach 
sinks in the ether has to the portion of it which sinks in the 
sulphuric acid. 

(86.) If several solids, heavier, butt: for bulk, than & liquid, 
be successively immersed in it, they will sustain losses of 
weiffht equal to the weight of the liquid which they severally 
displace ; consequentiy these losses yinUX be .proportional to the 
magnitudes of the bodies. If the solids be previously so ad- 
justed as to be equal in weight, the specific gravities of aiqr 
two of them will be in the inverse proportion of their magni- 
tudes. (78.) Hence we infer, — 

''That solids of equal wei^t immersed in the same liquid, 
which is specifically lighter than them, lose weights which aie 
in the inverse proportion of the specific gravities." 

Thus, if an ounce of silver and an ounce of gold be immevsed 
in water, the weight lost by the ^dd will bear the same pro- 
portion to tiie weight lost by the silver, as the specific gravis 
of the silver bears to the specific gravity of the gold. 

(87.) If several solids which are lighter, bulk for bolk, than 
a liquid, float upon it, they wiU displace portions of the liquid 
equal to their own weight ; there^re the parts of them which 
will be immersed wiU be proportional to their weights. In this 
case, therefore, if the sobds have equal magnitudes, the paits 
immersed wHl be in the same proportion as their specific grav- 
ities. 

(88.) It has been proved, that when difibrent li^ds have 
been placed in communicating vessels without mudng with 
each other, their surfaces will rest at diflferent levels, and that 
the heights of these levels respectively above the surftice at 
which they meet are mater in proportion as the liquids, balk 
for bulk, are lighter. Xet A B C,fg. 58., be a tube, as desorib- 
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ed in {67,\, contohiing two liquids of different weifflits, bulk for 
bulk, or of different specific gravities. It has Seen already 
proved, that when thev are at rest, the height 8 N wiU have the 
same proportion to the height P M as the wei^t of a mvon 
' " " . . - . . .. ^^. 



bulk of the heavier Uquid to a weight of the same bulk of the 
lighter ; hence it appears that the teighis of the sorfaees O and 
W , of the two liquids above the level of the surface S at which 
they meet, are inversely as the specific gravities of the liquids. 
Thus, if SO be oil, and SB W be water, then the specific 
gravity of water will bear the same proportion to the roecific 
gravity of oil, as the height S N bears to the height P IL 

(89.) The methods of practically determining the specific 
gravities of bodies depend upon the properties wmch have been 
just explained. The details must, however, be different for 
different bodies, and must be suitable to their peculiar forms and 
properties. 

The specific gravity of a solid which is not soluble in water, 
and which is specificaUv heavier liian that liquid, may be de- 
termined by observing the weight which it loses by immersion. 

The proportion which this weight bears to the actual weight 
of the solid, will determine the ^)ecific gravitv* 

Example, — A piece of pure gold, cast and not hammered, 
weighing 77 grains, is immersed in water, and is observed to 
weigh only 73 gnuns ; it therefore follows, that it displaces 4 
grains of water. The proportion, therefore, of the weights of 
equal magnitudes of the metal and the water is 77 to 4, or 19| 
to 1. Hence 19i is the specific ffravity of gold, 1 expressing 
the specific gravity of the standard liqmd. 

Example.— A piece of fiint glass, weighing 3 ounces, is fan- 
mersed in pure water, and observed to weigh only 2 ounces. 
Hence the weight of the water which is displaced is 1 ounce. 
The specific gravity of the glass is therefore 3. 

(90.) If the solid be soluble in water, this method cannot be 
practised. In 1^ case the solid may be defended from the 
water by a varnish, or a thin coatingof wax, or some other sub- 
stance not affected by the water. The specific gravity of salts 
and like substances may be thus found. As, however, the coatr 
ing used in this esse produces an increase of bulk, the solid, 
when immersed, will displace more than its own bulk of water. 
The weight of the solid, if ascertained without the coating, 
will bear a less proportion to the loss <^ weight than it does to 
its own bulk of water ; and therefore, the specific gravity ob- 
tained firom such an experiment, would in this case be too 
small.* But if the weight of the solid be ascertained after the 

* Thw will depend wholly upon the iipeeifie gravity of the eoatins. If J*« ^ 
the Mmo a> that of water, it will not affect the water weight of the body ; »«[«»• 
coatin* will hare the eamo effect m the watet <U»la«wl by it $ and at iiioli cof^ 
10* 
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coodng is put on, then the specific gravity whach is obtaiaed is 
not the specific gravity of the solid, but of the solid and cosdng 
together. Where great accaracy is not required, the efiect 
produced bv the coating may be negiected ; but if the result is 
to be obtained with a high degree of accuracy, the following 
method is preferable : — ^Find the proportion of tlie specific grav- 
ity of the solid to that of some liquid in which it is not soluble, 
and wldch is specifically lighter than it This may be done by 
observing the weiffht of the 8(^d and the weight winch it loses 
by immersion. Then find the specific gravity of that liquid 
with respect to water by the metiiod which shall be hereafter 

if the solid consist of many minute pieces, or be in the fi)rm 
of powder, a cup to receive it ought to be wevm^ly suspended 
ift the water, and accurately counterpoised. X 
X (91.) To determine the specific gravity of a/feolid lighter than 
waller, let the part immersed when it floc^ on water be observ- 
ed, Ae pvic^rtion which this bears to its whole magnitude, 
will be that of its i^cific gravity to the specific gravity of 
water. (89.) 

When the solid fioats, the proportion of the part inunersed 
to llie whole bulk, may be ascertained in the foUowing manner : 
— L«t the vessel which contains the water have perpendicular 
•ides, aadlbe as narrow as the magnitude of the solid will ad- 
mit Let'the point on the vessel which marks the surface be- 
fyte immersion be observed. Let the point to which the surface 
rises, whetl the solid floats, be next observed ; and, finally, let 
the solid be totally submerged, and the point to which the surfiice 
then rises observed. Tli^ elevations of the surface produced 
by the partial and total submersion, indicate the portions of the 
solid in each case immersed, and are therefore in the ratio of 
the specific gravity of the solid to that of the liquid. 

There is another method of ascertaining the specific gravity 
of a edtd tighter than water, which ought to be noticed here. 
Let the solid whose specific gravity is to be ascertained, be at- 
tached to another which is heavier than water, and of such a 
magnitude that the united weights of the two will be greater 
than the weight of water which they di^lace ; they will there- 
fore sink when immersed. The weight of the whole being 
observed, let the weight which they lose by immersion be 
noted 5 this will be the weight of as much water as is equal in 
magnitude to the united bulks of the solids. Let the lighter 
wild be then detached, and let the weight which the heavier 

inff can be eMiW preparod, the ipecific graTity maj be accurately detennined by 
tUi method, tint without this preeattUon, the speeifte naTity obtained by thit 
nathod may be either neater or ien than the Uoe wpeoifie gravity^ aceovdiac ■> 
:the eoatinc m ■pecificaliy heariM or lifhter than wMern— Am . Eo. j 
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loses by immeitkm be Mceituaed; this wdl be the w«Mi of 
as much water as is equal in bulk to the heavier solid. If thai 
loss of weight be subtracted from the loss sustained by the 
combined masses, the reaiaiader will be the weight of as much 
water as is equal in btdk to the lighter solid : the propoitioB of 
the weight of the lighter sdid to this will detennine ifei specific 
gravity. 

(93.) There are soTeial methods by which the specific gravi- 
ties of liquids may be found. 

If a solid specificallv heavier than water, and also specifically 
heavier than the liquid whose specific gravi^ is to be detennin* 
ed, be successively immersed m water and in that liquid, the 
losses of weight will be proportionil to the specific gravities of 
water and the liquid. If the number expressing the loss of 
weight in the liquid be divided by the number expressing the 
loss of weight in the water, the quotient will express the spe- 
cific gravity of the Hqnid. 

Example* — A piece of ^lass, immersed in sulphuric acid, is 
observed to lose 3700 grams ik its weight The same sdid, 
immersed in water, loses 2000 grains ; hence the proportion of 
the specific gravity of the sulphuric acid to the specific gravity 
of the water is that of 37 to 20, or of 1850 to 1000: therefore 
if 1000 express the specific gravity of water, 1850 will express 
that of sulphuric acid. 

The specific gravity of a liquid may also be found by means 
of a solid which is specificallv lighter than it, the same solid 
being also specifically lighter than water. Let the solid fioat 
successively on the two liquids, and observe the magnitudes 
of Uie parts immersed, which may be done by observing the 
change of level, if the vessels containing the liquids have eoual 
bottoms, and perpendicular sides : the parts immersed will be 
inversely as the specific gravities. (85.)* 

Example, — ^The same solid floats successively on water and 
muriatic acid, and the proportion of the parts immersed is ob- 
served to be that of 10 tu 12. Hence the specific gravity of ' 
muriatic acid is 12, that of water beinff 10. 

(93.) The specific gravities of liqui& may be ascertained by 
observing the weights of two different solids floating on their 
surfaces with equd parts immersed. In this case the specific 
gravities will be proportional to the weights of the solids. But 
perhaps the most direct method of determining the specific 
gravities of bodies, as well in the liquid as in the ffaseous state, 
is by actually weighing them in a flask or bottle of known mag- 
nitude. Let sucn a one be provided with a stopper widck 

* Henee a ihip win dtmw mora water, i. cu liiik ftuher, on wtefiaf a Awh 
water cavar, than wli6» «t wa.— Am. Ed. 
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nicely fits it, and let it be filled with pure water and weighed, 
and sabseqaently filled with any other fluid and again weighed ; 
if the weight of the flask be exactly Imown, the weight of its 
contents may in each case be found. In this numner the weight 
of air may be determined by weighing the flask first filled with 
air in the ordinary state, and, subsequently, afl;er the air has 
been abstracted firom it, by the air-piunp, an instrument which 
will be explained in a subsequent part of this volume. It is 
thus ascertained that a cubic foot of common atmospheric air 
weighs about 527 grains. This weight, however, fluctuates 
firom causes already alluded to, and which will hereafler be 
fiiUy explained. 

The empty flask may in like manner be filled with any other 
species of gas, and its weight relatively to tl^t of air may be at 
once determined. j( 

Instruments for the practical measurement of specific gr^avOies. 

(94.) The form and construction of instruments for determin- 
ing specific gravities, vary according to the degree of accuracy 





required in the results, and according to the nature of the 
bodies to which they are intended to be applied. In scientific 
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investigatidtis, whwe the most «KtreiM mteancj m ioii|^ tin 
meamiromeiit of specific gfncvities m effected by a verj eemiUe 
l>al«iice fur&iehed with oerttin additioiiiy and mmmted in a 
manner from which it faae received the name of the hydroikMe 
bakmtee. 

A front view of the fwdrostaHe bakmoe ia represented in /%. 
99., and a side view in^. 60. The correraonding parts bemf 
marked by the same letters. A pillsr, A B, mcedln a stand, CD, 
fNipports the instrument On the stand, placed in a horiiontsl 
position, is a screw S, which, turns in a fixed nut at T. This 
screw is terminated by a hook, which holds the loop of a silken 
etrinff, the two parts of which, passing in the grooves of wheels 
or roUers at P, are carried from thence to the top of the pillar 
and there pass over the grooves of roUers at R, and their ex- 
tremities finidly support a horizontal arm at E. To the centre 
of this arm e, a very nice balance is suspended : beneath the 
beam of this balance are placed rests, at m, so tiiat when the 
beam is not in use, by turning the screw S, it will be allowed 
to descend upon the rests ; and the knife edges, on the accu- 
racy of which the sensibiH^ of the instrument depends, will be 
relieved from pressure. Tne board G H, attachea to the pillar 
immediately below the dishes, is movable on the piUar, and 
may be fixed in any position by means of an adjosUng screw ; 
also the nut in which the screw S turns is capable of being 
moved towards or firom the pillar, so as to raise or lower the 
balance, in a greater deme than would be allowed by the play 
of the screw S. Thus me balance and all its accompaniments 
may be raised or lowered at pleasure. To the centre of the 
bottom of the dishes hooks c a are attached, firom which brass 
wires are suspended, which pass finely through holes in the 
board G H. At the lower extremities of these wires are hooks 
h and g. To the hookg, a graduated rod ^Jt is suspended, 
which also terminates in a hook at k. The rod ^ ifc bears a 
scale of e<}ual divisions ; an index N O turns on a rod M N 
with a horizontal motion, and may be implied to the scale g k 
or may be removed «t Measure ; this index may be also moved 
upwards and downwards by means of a screw M, which plays 
in a nut in the board G H. A brass ball of about i of an inch 
diameter, is suspended fi^)m ifc, by a brass wire k Z, of such a 
thickness that one inch of it will displace half a grain of water. 
From the hook ^ a glass bubble « is sui^nded by a horse-hair. 
The brass ball and the fUsB hMAe are so adjusted that they 
will hang about the middle of the glass vessels X Y, in the 
ordinary position of the bslaace. If the dish c preponderate, 
the wire k i will become more immersed ; and for every inch it 
naks, the weight which draws down the dish c will be £ininish- 
ed to the amount of half a grain, that being the weight which 
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an inch of the wire loees by inunenion. In like manner if d 
preponderate, the wire k I will be drawn up ; and for every inch 
which is raised above the surface of the water, an additional 
weiffht of half a grain will act upon the dish c. 

Now suppose the balance so adjusted that its tongue points 
directly upwards at e, and that the beam a 6 is therefore 
horizontal ; let the index N O be fixed at the middle point of 
the scale g k by means of the screw M. Suppose the scale g& 
so divided, that its middle point will be mailed zero, or ; and 
let each half of it, being two inches long, be divided into a 
hundred equal parts, being numbered upwards and downwards 
from the middle point Let the substance to be weighed be 
placed in the dish c, and let grain weights be placed in the dish 
dj until the number of ffrains nearest to its exact weight be 
found. Thus, suppose &at it is found that 65 grains are insuf- 

Fig, 60. 





ficient to support the dish c, but that 66 grains cause the dish d 
to preponderate ; the exact weight of the substance is, there- 
fore, more than 65 grains, but less than 66 grains, and the 
object is to determine by what part of a grain uie true wei|rht 
exceeds 65 grains. Weights to the amount of 65 grains bemg 
placed in the dish ef, the dish c will slowlv descend ; the wire 
kl will consequently become more deeply immersed in the 
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imter, tad for every inch which linki, the weight of e will he 
diminiBhed by lialf a grain ; and therefore fi>r every division of 
the scale which passes the index N O, the dish c wiU lose weight 
to the amount of the hundredth part of a grain. When the loss 
of the weight thus sustained by the dish c amounts to as many 
hundredth parts of a grain as the weight of the substance in 
the dish c exceeds 65 grains, the beam will remain in equilib* 
rinm. When this takes place, therefore, it is only necessary 
to observe the number of the division at which the index N O 
stands ; that number will express the hundredth parts of a grain, 
by which the weight of the substance in the dish e exceeds 65 
grains. 

The weight might in like manner be ascertained by placing 
66 grains in the dish d, and by causing it to preponderate. In 
this case the wire kl would be drawn from the water, and for 
every division of the scale g k which would pass the index N O, 
the hundredth part of a grain would be added to the dish c ; 
when the dish d would cease to descend, the number of the 
scale marked by the index would express the number of hon* 
dredth parts of a grain by which the weight of the substance in 
the dish c falls short of 66 mins. 

The effect produced by Uie immersion of the horse-hair from 
the hook h is here neglected, because the weight of the water, 
which a small portion of its length ddsfdaces, does not exceed a 
fraction of a grain much smalfer than any weight here taken 
into account 

The weight of the substance bein^ thus ascertained in air, 
it is next ascertained in a similar manner by inunersion in the 
jar Y, and the loss of weight in water is thus obtained. The 
specific gravity may thence be inferred as explained in (89.)« 

To prevent the adhesion of water to the wure kl^itia previ« 
ously oiled, and the oil gently wiped off, so as to leave a thin 
film covering the wire. 

If the body whose specific mivity is under investigation be 
a liquid, it must be contained in a glass vessel, caremlly stop- 
ped, and completely filled. The weight of the glass vessel, 
empty, is first ascertained by the balance, and then its weight, 
when filled with water, and immersed in water ; by this means 
the weight of the glass will be accurately ascertained, and also 
the weight which the glass loses by immersion in water. 
When the bottle is filled with the liquid, the weight of the bot- 
tle is ascertained, from which the weight of the glass being 
subtracted, leaves a remainder which is the exact weight of the 
liquid. The bottle filled with the liquid is now weiffhed, im- 
mersed in water, and the loss of weight is observed. From this 
loss, let the loss of weiffht sustained by the glass alone be sub- 
tracted, and the remainder will be the weight of a quantity of 
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wiler 0qaal in baXk to tke^ liquid ooBtaiaed in the bottid. The 
Bpeoifio giavitj of the liquid may thence be immediately infer- 
red in the Mme mtnner as if it were a solid. 

(95.) The apparatus and procenes which ho^ been juet ex- 
plained are adapted to give results of that extreme aceuracT 
wliich ie necessary for the purposes of science. With such 
▼iewsy the complezily and expense of apparatus, and the time, 
i%Ul, and attention required for delicate manipulaticois, are mat- 
ters of small impcMTtaace compared with the attainment <^ exact 
lesults. But when qiecific gravities are to be ascertained for 
the ordinary purposes of commerce or finance, means of a more 
simple character must be resorted to, the use of which is at- 
tended with move expedition, and requires less sldll in the 
operator. In such cases a degree of accuracy, exceeding a 
comparatively wide linnt, is altogether unnecessary ; and even 
though superior instruments were available, their re«ilts would 
not he more useful than those of a lees degree of sensibility. 

Various forms of instruments, usually called hydrometers, 
have been proposed for ascertaining the specific gravities of 
substances, and more particularly of liquids, for the ordinaiy 
purposes of commerce. The mdications of these instruments aU 
depend upon the fact, that a body, when it floats in a liquid, dis- 
places a quantity of the liquid equal to its own weight Their 
accuracy depends upon giving them such a shape, that the part of 
them which meets the surface of the liquid in which they float 
is a narrow stem, of which even a considerable length displaces 
but a very small weight of the liquid. Thus any error in ob- 
serving tiie degree of immersion entails upon the result an 
effect which is inconsiderable. 

The principle in all such instruments being, in the main, the 
some, it will not be necessary bero to enter into further details 
upon them than to descvibe &e form and use of two or three of 
the most remarkable. V^ 

\^ Sikes^s Hydrometer. 

I This instrument, being, that which is used and sanctioned by 
/ law for tho collection of the revenue on ardent spirits, &C., is 
entitled to particular notice. It consists of a brass ball 6, Jig. 
61.; tiie diameter of which is one inch and six tenths. Into this 
ball, at 0, is inserted a conical stem C D, about one inch and 
an eiffhth long, terminated with a pear-shaped bulb at D, which 
is loaded, so as to be much heavier, bulk for bulk, than any 
other part of the instrument. In the top at B is inserted a flaC 
stem B A, three inches and four tenths in length, which is di- 
vided on both sides into eleven equal parts, each of which is 
subdivided into two. This instrument is accompanied by eight 
circular weights, such as W, marked with the numbers 10, 20, 
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i%.6l. aO,40,50,60»70,tiia80;eMhortiMeiieii« 
lar weiriiti is cut m repreMnted in W. aa 
M to aSmit the thinner pert of the comcal 
■tern near C to jftm to the centre d the 
weight; the opening ia wider at the eentrey 
ao aa to allow the weight to alide down the 
atem to D, where the thickneaa prevents itr 
falling oS, In using this inatmment to aa- 
certam the specific ^vity of apirita, it ia fiist 
plunged in the liqaid, ao aa to he wetted to 
the hi^dieat degree on the acale : it ia then 
allowed to riae and to aettle into equilihrium. 
The depee upon the scale at the aurface of 
the liquid indicates the quantily immeised ; 
and by the assistance of tablea which accom- 
pany the instmnienty and a thermometer by 
which the temperature of the apirita ia olh- 
aenredy the apecific gravity is calculated by 
rules which accompany the tablea. 

This instrument is susceptible of a greater 
degree of accuracy than the common hydnmi- 
eter obaerved above, and a corresponding 
degree of skill and attention ia requisite in 
the use of it. It consists of a hollow ball of 
brass or copper, C D,/g. 63., to which a small 
dish A B is attached by a thin steel wire Y, 
the diameter of which does not exceed the fortieth part of an 
inch. A stirrup F is attached to the lower part of the ball, and 
carries another dish E, being sufficiently heavy to cause the 
wire Y to be vertical when Uie instrument floats. 
The weight of the several parts of the instrument 
is so adjusted, that when 1000 grains are placed in 
the dish A B, the instrument will sink to a point 
marked about the middle of the stem in distilled 
water, at the temperature of 60^. Therefore the 
weight of a quantity of ^tilled water, equal in 
volume to the part of the iostrument below this 
point, will be equal to the wei^^t of the instrument, 
together with 1000 grains. To find the specific 
gravity of anv other fluids let the instrument float 
upon it, and let the weight in the dish A B be so 
adiusted that the instrument will be inunersed as 
befive to the division marked upon the wire. The 
weight of the instrument, together with the weight 
in £e diiOi, will ^n e^qpress the weight of the 
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liquid wliich the instmmeiit displaces. Thus the weight of 
emial bulks of the liquid and distilled water at the temperature 
of 60® will be ascertained, and thence the specific gravity of 
the liquid inferred. 

By this instrument the specific gravities of solids may be also 
ascertained. Let a portion of the solid be placed in the dish 
A B, and the instrument being made to float in distilled water 
at 60®, let additional weights be thrown into the dish A ^ until 
the instrument sinks to the marie upon the wire. The weight 
of the solid, together with these additional weights, will then, 
as appears fix)m what was stated above, amount to 1000 grains ; 
therefore, if the additional weights be subtracted fix>m 1000 
grains, the remainder will be the exact weight of the solid. Let 
the solid be now placed in the lower dish E, and, as before, let 
weights be placed in the dish A B, until the instrument again 
sin^ to the point marked on the stem Y. These weights, to- 

5 ether with the weight immersed in the water, will make up 
000 grains. If, therefore, they be subtracted firom 1000 grains, 
the remainder will be the wei^rht of the solid in water ; having 
obtained its weight in air and in water, its specific gravity may 
be obtained as in a former instance. 

The wire which supports the dish A B in this instrument is 
so thin, that an inch of it displaces only the tenth part of a grain 
of water. The accuracy of its results depending, therefore, on 
the coincidence of the mark on the wire Y with the surface, 
which can always be ascertained to a very smaU fraction of an 
inch, will come within the limit of a very minute fraction of a 
grain. Specific gravities may thus be obtained correctly to 
within idOjOOOth part of their whole value, or to five places 
of decimals. 

]^ B De Parcieux^a Hydrometer. 

This instrument, which is represented in ^. 63^ 
scarcely difiers fix>m that which has been just de- 
scribed. A cup C is connected by a brass wire A C, 
about 30 inches lonff and a 13th of an inch in diam* 
E eter, with a glass phial A B, which is loaded with 
shot at the bottom to keep it in the upright position. 
The length of the wire is such, that the phial, when 
loaded and immersed in spring water at a medium 
temperature, will sink to a point about an inch above 
A. When it is iimnersed in light river water, it will 
sink to about 20 inches above A. The specific 
mvities of different kinds of water are compared 
by this instrument, as in Nicholson's hydrometer, by 
throwing weights into the dish C until the instru- 
ment sinks to a fixed point on the wire. A gradu- 
ated scale H £ is attached to the side of the vessel 
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containing the water, to mark the degree* of imioenioiL The 
sensibility of this instrument ib so great, that a pinch of any 
substance soluble in water, or a drop of any liquid which mixes 
with water, being combined with the water in which it is im- 
mersed, will proouce an observable efiect upon its depth of im- 
mersion. 

This instrument was invented for the purpose of comparing 
the specific gravities of different kinds of water. 

(96.) The power of determininff the specific gravity of bodies 
frequency enables us to declare ueir otner quiJities, and some- 
times to detect their component parts, i^ as most fi«quently 
happens, they are formea of heterogeneous materials. Thus 
spirits, in every form and under every variety in which they 
are used in commerce and domestic economy, are a mixture of 
alcohol with other bodies, of which water is the principaL As 
the value of the liquid depends upon the proportion of pure 
alcohol which it contains, it becomes a problem of great practi- 
cal importance to determine this. 

In like manner the precious metals, whether applied to use- 
ful or ornamental purposes, are generally mixed with others of 
a baser species in a ^eater or less proportion. These cheaper 
elements which enter into the composition of what is received 
for gold or silver are called aUoys ; and it is obvious that, be- 
fore the value of any article formed of such a material can be 
determined, it is necessary to find the exact proportion of alloy 
which it contains. 

These considerations suggest a class of problems respecting 
the specific gravities of compound bodies and their constituent 
elements, the solution of which is of ^eat practical importance. 
This solution, however, does not entirely depend on mechani- 
cal principles, as we shall presently explain ; and even so far 
as it does depend on such principles, many previous conditions 
are necessary to render such problems determinate. 

If two bodies, whose specific ^vities are known, be mixed 
in a ffiven proportion, and in their union no other effect be pro- 
duced than the transfusion of the particles of each through and 
among those of the other, the specific gravity of the compound 
is a matter of easy cpmputation. The general principle tor the 
solution of such a ^ryblem will be collected without difficulty 
from an examp' 



cample. V 
Example, — Let ^M andj^opper be uxuted, in the proportion 
of 20 measures of gold to^ of CO "*' 

the gold is 1925, and that of the < _ _ 

of water beine 100. Hence the calculation may be made as 
follows ; the denomination of weight used being immaterial, 
providing it be the same throughout the whole investigation: — 



idcopper be umted, m tne proportion y 
y» of copper. The specific mvity ot / 
t of the copper 890, the specific gravity / 
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Weight ofa cubic inch of water 160 

Weightof a cubic inch of gold .^ 1,925 

Wei^tof a cubic inch of copper 890 

Weight ofdO cubic inches of gold 38,500 

Weight of 7 cubic inches of copper 6J^30 

Weight of 27 cubic inches of the compound . . 44,790 
Weight of one cubic inch of the compound . . 1,656| 

Hence the specific gravity of the compound is l,656f, 
that of water bemg 100. 

If the proportion of the ingredients be given in weight, as so 
many grains of gold mixed with so many grains of copper, the 
magnitudes or measures of these weights may be computed 
irom knowing their specific gravities, which is in fact the w«i^ 
of a ffiven magnitude. The preceding method of caJcolation 
mav uien be applied. 

if more than two bodies be united, the principle on which the 
computation is conducted will be the same. 

In the example just g^ven, the specific gravity of the com- 
pound was the object of inquiry, the specific gravities of the 
components being supposed to be given. The same method 
of calculation would, however, discover any of the other quan- 
tities which enter the investigation with a sufficient number of 
data. Thus, suppose it were required to determine one of the 
ingredients of a compound substance, the nature and quantity 
of the other ingredient being known. Let the^ specific gravity 
of the compound be determined by the usual means, and let the 
quantity of the given ingredient be subtracted firom the whole 
<][uantity of the compound, and the remainder will be the quan- 
tity of {he required ingredient But it is necessary to detenmne 
its specific gravity. 

Example. — ^Let the compound body under investiffation be 
supposed to be composed of two substances, of whichgold is 
one ; and let the total quantity of the compound be 37 cubic 
inches, the quantity of the gold being 20 cubic inches. Sup- 
pose that we ascertain the following results by experiment : — 

Weight of 27 cubic inches of the compound . • 44,790 

Weight of one cubic inch ofgold • . . . . . IfifSSS 

Weight of20 cubic inches of gold ..... 38,500 

Weight of7 cubic inches of the alloy .... 6^290 
Weight of one cubic inch of the alloy .... 890 

Hence the specific gravity of the alloy will be 890 ; and tiiai 
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"^^beiiig known to be the specific gravity of copper, the quality of 
fJie alloy is detennined. 

\ When toe quality of the alloy is known, it nuy be required 
^o determine the proportion in which it is mixed with the ]^re« 
pioua metal. In thi» case the specific gravities of the constitu- 
ent parts are supposed to be given. 

' JExample^-^het the compound be one of ffold and copper as 
befbre, the specific gravities of which are ISSS and 890. 

Weight of a cubic inch of gold 1,925 

Weight of a cubic inch of copper 890 

DifiTerence 1,035 

Weight of a cubic inch of the compound by experi- 
ment 1,6561 

Weight of a cubic inch of copper 890 

Difference 766| 

A% the former difference 1035 is to the latter 7661, so is ] 
to the number which expresses the proportion in which the 
metals are mixed. Thus, by the Rule of Three :~1035 : 766% 
: : 1 : 766} divided by 1035, or which is the same, |f. Hence 
the proportion of ^old contained in a cubic inch of the com- 
pound is 20 parts m 27, and there are, therefore, 7 parts of al- 
loy. The demonstration of the proportion used in this solution 
scurcely admits of a sufficiently elementary explanation to be 
introduced with propriety in the text.* 

if tlie object be to detect the exact quantity and quality of 
the impure or heterogeneous matter contained in any compound, 
it will not be sufficient that the specific gravity of the compound 
and that of the principal ingredient be previously known. Thus, 
in manufactured gold, it is not enough to know the specific 
gravity of pure gold, and that of the alloyed specimen under 
investigation, in order to determine the quantity and quality of 

* Let z represent the proportion of gold, and « that of copper, contained in on« 
eobic inch of the mixture. Let / be the fpoeific gntTitv of the gold, c tiiat of the 
copper, and m that of the mixture. The weight of goUf contained in a oobie inch 
of the mixture is x^, and the weight of copper ye, and the weight of acobic inch of 
the mixture is nt* Henoe we bare 



• . • y=l — z. • . • ay-f< (1 — *)= 



That is, the diffbrenee between the speeiflQ gravities of the gold and eopp«r ts to 
the difierenoe between the specific ^avities of the compooad and e(^p«r> aa 1 is tA 
the proportion of gold which exists m a cubic inch. 
11* 
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the alloy. It » indkpeiisabljr Becessarjr, either that tiie i^iecific 
{(rayity of the foreign matter intenniaced with the pnncqial 
inflTecaent be given, or that some data may be fttnuehed by 
xiffich it may be computed. 

. * Although in the caBes of alloyed metals, or adulterated Hctoids, 
' it is rarely possible to detect the exact quantity and quality of 
Ibreign matter which may be intermixed, yet we may generally 
pronounce with certainty on the presence of some aidrnteration 
or alloy. The specific ^vity of the pure substance being 
known, if that of the specunen under inquiry diflfer from it, the 
intermixture of foreign matter is no longer doubtftil. But 
what that heterogeneous matter is, and in what quantity it is 
present, is a problem which requires the aid of other principles. 

It has been already stated that spirits of every kind used in 
commerce, are mixtures of pure alcoh<^ and water in difierent 
proportions, and their strengrth depends on the quantity of alco- 
hol which is mixed wiUi a given quantity of water. The indi- 
cations of the hydrometer immediately betray this. 

The adulteration of milk by water may always be detected 
by the hydrometer, and in this respect it may be a useful ap- 
pendage to household utensils. Pure milk has a greater specific 
gravity than water, being 103, that of water being 100. A very 
small proportion of water mixed with ipUJt ^JU produce a liquid 
specifically lighter than^rfMit \% v K^fA^,) 

Although the hydrometer is seldom applied to domestic uses, 
yet it miffht be used for many ordinary purposes which coiild 
scarcely be attained by any other means. The slightest adul- 
teration of spirits, or any other liquid of known quaBty, mey be 
instantiy detected hj it And it js recommended by its cheap- 
ness, the great facility of its manipiQation, and the simplicity of 
its results. 

(97.) The first notion of using the buoyancy of solids in a. 
liquid, as means of determining flie nature of their component 
parts, is attributed to Archimedes, the celebrated mathematician 
and natural philosopher. It is said that Hiero, king of Synucose,. 
having enraged an artist to make him a crown of gold, wiaiied 
to know whether the article fbmished to him was composed,, 
according to the contract, of the pure and unalloyed metal, and 
yet to accomplish this without defacing or injuring the crown* 
He referred the question to Archimedes. The philosopher 
while meditating on the solution of this problem happening to 
bathe, his attention was dbrected to the buoyancy of his body in. 
the water, and thence to the general effect produced upon the 
apparent weights of solids by their immersion in liquids. The 
whole train of reasoning which has been followed in the pre* 
eeding chapters instantly flashed across his mind. He perceiv- 
ed at once that the degree of buoyancy or the weight lost would. 
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betray the weight of the metal compoeing the crawn, conmred, 
balk for ^nlk, with pure gold. He foahed from the ehamber in 
a transport of joy, exclaiming aload, ^Eureka! Eureka!" (/ 
hat^efnmdU! Iluwefoundiil) 

If the tale be trae, the joy of Archimedes was produced not 
by the solution of the particnlar question respectinff tiie crown, 
but by perceiirin^ the unpottant consequences to iniich the ex- 
tension of the pnnciple on which he haid fallen must lead« 

(96.) The calculations which have been just eiqilained, for 
aseeitaining the specific gravities of compound bodies when 
those of their component parts are known, proceed upon the 
supposition that the bidk or magnitudes of the bodies umted are 
not altered by their combination. Thus, if ten cubic inches of 
gold be alloyed with, seven cuMc inches of copper, it is assunv- 
ed that the mass of compound metal thus obtamed will measure 
17 cubic inches. In like manner, if a pint of water be mixed 
with a pint of spirits, the computed specific gravity of the mix- 
ture proceeds upon the assumption that it wm measure a quart 

Experience {m^ves this supposition to be, in most cases, un- 

founded. Wh^ the constituent atoms of two bodies are trans- 

fiised through one another by intimate mixture, it is found that 

certain properties are manifested which exhibit a reciprocal 

relation between them, in virtue of which they are either drawn 

together into closer contact and compelled to occupy a less 

space, or are mutually repelled and made to occupy a greater 

space by attractive or repellent forces, which are called into 

operation by the contigmty of the molecules of the different 

bodies. In fact, it is found that equal measures of two different 

bodies, being combined by mixture, will produce a compound, 

the measure of which will be either less or 

Fig. 64. ^eater than twice the measure of either of 

me bodies so combined. Thas, a cubic inch 

tof gold mixed with a cubic inch of copper 
will produce a mass of metal measuring less 
than two cubic inches. It follows, therefore, 
that the component particles of these bodies 
have been forced into a less space than that 
which they occupied separately; and there- 
fore, that corresponding affinities or attractive 
energies have been awakened b^ their com- 
bination. In like manner, if a pint of pure 
water and a pint of sulphuric acid be mixed 
together, the compouiid will measure leastban 
a quart This experiment may be very easily 
e:uibited in the following manner : — ^Let A, 
«'«*. 04., be a hollow glass ball, having a neck 



at the top B, furmSied with a ground glass stopper made ex- 
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actly to fit it» and water tight, and with a long naxrow tube G D 
proceeding from the bottom and closed at the lower end D ; let 
thifl vessel be filled through the neck B with sulphuric acid as 
far as the top of the tube C ; then let water be carefully poured 
in till the ball is completely fiUed to the neck ; this liquid, being 
lighter than sulphuric acid, will remain in the ball resting on 
the surface of the sulphuric acid in the tube below. Let the 
stopper be inserted in the neck, so that the vessel being closed 
will be completely filled with the two liquids : holding the stop- 
per firmly in its place, let the vessel be now inverted, the tube 
bein^r turned upwards and the stopper downwards. The sul- 
phuric acid willy b^ its superior weight, fall into the ball, and 
the water will rise into the tube, a ptutial mixture taking place 
by reason of the affinity of the liquids: this inversion being 
several times repeated, the liquids will at len^ be perfectly 
mixed. If the instrument then be held steadily with the tube 
upwards, it will be found that the liquids no longer fill it, but 
tliat several inches at the top of the tube will be empty. Thus 
the dimensions of the liquids wHl be considerably contracted by 
intermixture ; and of course the density or specific gravity will 
be much greater than if the liquids were mechanically united 
without any diminution of their volume. 

The effect here described will be found to be attended with 
another very remarkable one. The liquids at the commencement 
of the process beinff at the ordinary temperature of the atmos- 
phere, it will be found that after they are mixed they will 
acquire so great a degree of heat, that the vessel which con> 
tains them cannot be held in the hand without pain. This ef- 
fect bears a close relation to the expansion of bodies by heat. 
If the communication of heat to a body causes its dimensions 
to increase, it might naturally be expected that any cause 
which would produce a diminution of dimension would compel 
the body to part with heat Thus the condensation produced 
by the admixture of tlie two liquids is accompanied by the evo- 
lution of heat It is sufficient barely to notice this effect here, 
as it will be more fully explained in another part of the Cyclo- 
psBdia. 

/ Although the method of computing the specific gravity of a 
mixture, upon the supposition that its constituent elements 
suffer no change of dimension, is inapplicable for the actual de- 
termination of the specific gravities of compounded bodies, yet 
such computation is not useless.* The only exact method of 

* Let e and «' be the ipeeifie gravitiei of the comnonent parts, and m tfac specifio 
gravity of the mixture ) let« and a' be the masnitudeB of the eomponentpaits, and 
»-f-a' will be the magnitude of the mixture. The weights of the componebtd will 
be a e and a' &, and the weight of the mixture will be « e-H>' e', which is the sum 
of the weights of the components : bnt the weight of the mixture will also be «z- 
Pfesscd by (a-^a') m ,- hence 
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ascerttiiunff the degree in which substances contract or ex- 
pand their oimensions by miztuie is by computing the specific 
gravity which the mixture would have were siich change of 
dimension not to happen, and comparing such computed spe« 
cific gravity with the actual specific gravity of the compound 
body observed bv experiment The process of measurement 
is not susceptible of the same accuracy, nor, indeed, of way 
degree of accuracy snflkient for scientific purposes : were it 
so, however, it would scarcely be so aimple as the cmnparison 
of the computed and observed soecific gravities. The quanti- 
ties of the two substances mixea should be accurately measur- 
ed before mixture, and the measure of the compound should be 
afterwards accurately ascertained. The difference between the 
sum of the measures of the constituent parti and the measure 
of the whole would give tiie contractioa or expansion piodnoed 
by tfaeir combination. 
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CHAP. IX. 

HYDRAUUCS 



TELOCITY OF EFFLUX FROM AN APERTURE IN ▲ YESSELy^-PROPOR- 
TIONAL TO THE DEPTH OF THE APERTUREy—EqUAL TO THE VE- 
LOCITY ACQUIRED IK FALLIHO THROUGH THAT DEPTH.—EPPSCT 
OF ATMOSPHERIC RESIST AHCB.^-'YEjrA CONTRACTA. — ^RATE AT 
WHICH TBS LEYEL OF THE WATER IS THE YESBEL FALLS.— 
LATERAL COMMUITICATION OF MOTION BY A LIQUID.— RIYER FLOW- 
ING THROUGH A LAKE. — CURRENTS AND EDDIES. — ^EFFECTS OF 
THE SHAPE OF THE BED AND BANKS OF A RIYER.*— FORCE OF A 
LIQUID STRIKING A SOLID, OR YICE YER6A.—- EFFECT OF AIT OAR. 
-SWINGS OF A BIRD. — ^DIRECTION OF THE RESISTING SURFACE.— 
EFFECT OF THE VELOCITY OF THE STRIKING BODY.-— SOLID OF 
LEAST RESISTANCE.— SHAPE OF FISHES aITD BIRDS. — SPEED OF 
BOATS AND SHIPS LIMITED.— COMPARATIVE ADVANTAGES OF RAIL- 
ROADS AND CANALS. 

(99.) We have hitherto confined our attention chiefly to 
those efiects which are produced by the pressure transmitted 
by liquids, either arising from their own weight or fit>m other 
forces applied to them, when confined within certain limits. 
When any of the limits or boundaries which confine a liquid 
are removed, the force which before was expended in exciting 
pressure on such boundary or limit, will now put the liquid in 
motion, and cause it to escape through the space from which 
the opposing limit has been removed. The phenomena exhib- 
ited under such circumstances, form the subject of a branch 
of the mechanical theory of liquids usually called hydraulics. 
It embraces, therefore, the effects attending liquids issuing from 
orifices made in the reservoirs which contain them ; water forced 
by pressure in any direction through tubes or apertures, so as 
to form ornamental jets ; the motion of liquids through pipes 
and in channels ; the motion of rivers and canals ; and the re- 
sistance produced by the mutual impact of liquids and solids in 
motion. 

It is the peculiarity of this branch of hydrostatics, that, firom 
various causes, the phenomena actualljr exhibited in nature or 
in Uie processes of art deviate so considerably from the results 
of theory, that the latter are of comparatively little use to the 
practical engineer. They also lose a ^reat part of their charm 
for the general reader, from the impossibUity of producing from 
the familiar objects, whether of nature or art, examples appo- 
sitely and strikmgly illustrative of the general trutns derived 
firom scientific reasoning. It must not, however, be supposed 
that the results of such investigations are false, or that the sci- 
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ence itself, or the instnunentB by which it proceeds, ure defec- / 
tive. The difficulty here lies rather in the peculiar nature of 
the phenomena, and the number of disturbing causes which 
render them incapable of that accurate classification and gener- 
alization which is so successfully applied in almost every other 
department of physical science. 

The only really useful method of treating a branch of knowl- 
edge so circumstanced, is to accompany a vei^ concise account 
of such general principles as are least inappbcable to practice, 
by proportionately copious details of the most accurate experi- 
ments which have been instituted, with a view to ascertain the 
actual circumstances of the various phenomena. Such details, 
however, would be wholly misplaced in the present treatise ; 
we shall, therefore, confine ourselves to a few observations on 
some of the most important and striking phenomena of hjrdranl- 
ics ; tracing their connection, where it is possible, with the 
various anuogous effects in the other parts of the meclMnics 
of solids and fluids. 

(100.) If a small hole be made in the side of a vessel which 
is filled with a liquid, tlie liquid will issue from it with a certain 
velocity. The force which thus puts the liquid in motion is 
that which, before the orifice was made, exerted a pressure on 
the surface of the matter which stopped the orifice. It is obvi- 
ous, that the moving fierce of the water which thus issues from 
the orifice must be adequate and proportional to the power 
which produces it But this power, being the same which pro- 
duced the pressure upon the surface of the vessel, will be 
proportional to the depth of the orifice below the level of the 
liquid in the vessel (14.). Hence we may at once infer, that 
water will issue with more violence from an orifice at a greater 
depth below the surface, than from one at a less depth ; but it 
still remains to be determined what the exact proportion is be- 
tween the rapidity of efflux and the depth of the orifice. 

Let A B C D, J^. 65., be a vessel with perpendicular sides. 
having a very smiul orifice O near the bottom. Let it be filled 
with water to a certain height, E F, above O. The pressure 
corresponding to the depth O E, will cause the water to flow 
from O with a certain velocity. Suppose this velocity to be 10 
feet in a second ; and suppose that by this means a gallon of 
water is discharged from O in one minute, water being in the 
mean while supplied to the vessel in such a quantity as to 
mmntain the level of the water in the vessel at E F. The pres- 
sure at O being therefore always the same, the velocity of efflux 
will be uniform. It is clear, that if water be now poured into 
the vessel, so as to fill it to a level higher than E F, the pres- 
sure at O being increased, the velocity of efflux at O will be 
also increased; Let it be required to determine how much 
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higher than £ F it wiM be necetHiaiy to fill the veasei, in ocder 
that the velocity with which the water m diacharged at O shall 
be dooMe ^e former Telocity. The momentUBi or moving foica 
communicated to the water discharged from the orifice la one 
minute would in this case he four tunea that which waa com- 
mumcated to it in the former case ; Ibr, aince the raindity with 
which the water is diacharged, is double its former yelocity, 
double the quantity of water will be put in moti<m in one minate ; 
£ut this double quantity i» alao moved with a double a^^eed; 
hence the entire moving force produced in a nmmie will be four 
times the moving force produced in the former caae in the same 
time. If the same quantity of water only had been put in mo- 
tion with a double velocity, the moving force would be doubled; 
but the quanti^ of water moved being doubled as well as ita 
speed, the movmg force is quadrupled. Hence it follows^ that 
the power which produces this effect must have four times the 
energy of that which produced the effect in the forst case ; but 
this power is the pressure produced at the orifice O, which is 
proportional to the depth of O below the surfi^i^e. Hence it 
follows that to give a double velocity of discharge a fourfold 
depth is necessary. If the vessel ABC ]> be filled to the 
level £' F^ so thst E' O shall be four times E O, then the veloci- 
ty of discharge at O will be double the veloci^ when the level 
was at £ F. 

By similar reasoning it mav be concluded that, to obtain a 
threefold velocity, a ninefi>ld depth is necessary; for a fourfiild 
velocity, sixteen times the deptii will be required, and so oni 
in Act, in whatever proportion the velocity of efflux is increas- 
ed, the quantity of liquid discharged in a given time must be 
also increased ; and, tiierefbre, the pressure or the depth most 
not only be increased in propcortion to the velocity, but also as 
many times more in proportion to the quantity discharged. 
Thns the depth of the orifice, below the suifiu^ey will always be 
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in proportiQii to irfaat, in mathematics, is ciUed Hie squim of 
the velocity of discharge. 

If in avessel A B C D, J^. 66^ filled with a liqnid^aBmafl 




hole, O, be made at one inch below the surfkce £ F ; and an- 
other, Cy, at 4 inches below it ; a third, CV', at 9 inches ; a 
fourth, O'', at sixteen inches ; and a fifth, O''^ at 35 inches ; 
the velocities of ducharge at these several holes will be in the 
proportion of 1, 2, 3, 4, and 5. If the u^mer line in the follow- 
ing table express tfaHe several velocities of discharge, the lower 
one will ^qnress the corresponding depths of the orifices : — 



Velocity. 


1 


% 


3 


4 


5 


6 


7 


8 


9 


10 
100 


Depth. 


1 


4 


9 


16 


25 


36 


49 


64 


81 



It is impossible to contemplate the relation exhibited in this 
table without being struck by the remarkable coincidence 
which it exhibits with the relation between the height from 
which a body falls and the velocity acquired at the end of ihe 
fall.* To produce a two fold velocity, a four fold height is neces- 
sary. To produce a threefold velocity, a ninefold height is re- 
quired. For a fourfold velocity, a sixteenfold height is required ; 
and so on. Thus it appears, that if a body were allowed to fall 
from the surface F of the water in the vessel downwards to- 
wards C, and unobstructed by the fluid, it would, on arriving at 



12 



* Cftb. Cye. ll«elM]uo0, p. 06. 
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9ach of the orifices above described, have velocities proportional 
to those of the water discharged at the orifices respectively. 
Thus, whatever velocity it would have acquired on arriving at 
O, the first orifice, it would have double that velocity on arriv- 
ing at O, the second orifice, three times that velocity on arriving 
at the third, O", and so on. Now, it is evident that if the velo- 
city of efflux at any one of the onfices be equal to the velocity 
acquired by the body in falling from the surface F to that 
orifice, then the velocities acquired at each of the orifices will 
be equal to the velocities of discharge respectively. Thus, if 
the velocity acquired in falling from P to O be equal to the ve- 
locity of discharge at O, then the velocity acquired in falling 
from F to Cy being double the former, will be equal to the 
velocity of discharge at O' ; and in like manner the velocity ac- 
quired at O" being three times the velocity at O, will be equal 
to the velocity of discharge at O". In order, therefore, to es- 
tablish the remarkable fact that the velocity with which a liquid 
spouts fi-om an orifice in a vessel, is equal to the velocity which 
a body would acquire in falling unobstructed from the surface 
of the liquid to the depth of the orifice, it is only necessary to 
prove the truth of this principle in any one particular case. 
Now it is manifestly true, if the orifice be presented down- 
wards, and the column of fluid over it be of very small height ; 
for then this indefinitely small column will drop out of the ori- 
fice by the mere effect of its own weight, and therefore with 
the same velocity as any other falling body ; but as fluids trans- 
mit pressure equally in all directions, the same effect will be 
produced whatever be the direction of the orifice. Hence it is 
plain that the principle just expressed is true when the depth 
of tiie orifice below the surface is indefinitely small ; and since 
it is true in this case, it must, according to what has been al- 
ready explained, be also true in every other. **1^ 

(101.) From this theorem it follows, as a necessary conse- 
quence, that if tiie orifices from which the liquid is discharged 
be presented upwards, the jets of liquid which would escn^pe 
firom them would rise to a height equal to the level of the liquid 
in the vessel. Thus, in^. 67., if E F be the surface of the 
liquid, and 0,(y, O". C", be four orifices at different depths, 
alt opening directly upwards, the liquid will spout fi*om each of 
them with the velocity which a body would acquire in falling 
from the level of the surface E F G to the orifices respectively, 
and consequentiy the liquid must rise to the same height before 
it loses the velocity with which it was discharged Hence 

' .^ the jets* severally issuing from the orifices will rise to the 

'/>heiffhtFG. 

(102.) These important theorems must, however, be submit- 
considerable modifications before they can be considered 
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as a{^licable in practice. In the preceding inve8ti|raition, we 
have considered the orifice to be indefinitely smaS, 00 that 
every point of it may be regarded as at the same depth below 
the surface ; we have also considered that the fluid in escaping 
from the orifice is subject to no resistance from friction or other 
causes ; and also that in its ascent in jets it is free from atmos- 
pheric resistance. In practice, however, all these causes pro- 
duce very sensible efiects ; and the consequence is, that the 
actual phenomena vary very considerablv from the results of 
theory. The velocitv of efflux is, ftom the moment the orifice 
is opened, diminished by the friction of the liquid against the 
sides of the pipe or opening throujrh which it passes. After it 
escapes, the resistance of the aur produces a sensible effect 
upon the movement of the fluid particles. This resistance in- 
creases even more rapidly than the velocity, so that the lets 
which escape from the lower orifices are still more resisted in 
proportion than those fh>m the hiffher, and consequentiy they 
do not rise even near the level of me fiuid in the vessel. 

As the liquid is gradually discharged from the orifice, the 
contents of the vessel descend, the various particles falling in 
lines nearly perpendicular ; but when they approach near the 
orifice from which they are to escq>e, they begin to change 
their direction, and to tend toward the orifice, so that their mo- 
tion is in lines, convernng towards the opening, and meeting 
at a point outside it These effects will be produced whether 
the opening be in the bottom or in the side of the vessel. They 
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may be rendered visible by using a glass vessel filled with 
water, in which filings or sinalL fii^ents of solid substances 
are suspended, and which are earned along by the motion of 
the currents. 

If a vessel be allowed to emp^ itself by an orifice in the 
bottom, the sur&ee of the liquid will graduaUy descend, main- 
taining its horizontal position; but, when it comes within a 
small distance, about half an inch, of the bottom, a slight de- 
pression or hollow will be observed in that part of the surface 
which is immediately over the orifice. This will increase until 
it assume the shape of a cone or funnel, the centre or lowest 
point of which wiU be in the orifice, and the liquid will be ob- 
served flowing in lines directed to this centre. This efiTect 
will be better understood by referring to Jig. 
Fig. 68. 68., where the direction of the currents am 
the contracted vein are exhibited. 

As the particles of liquid in approaching 
the orifice move in directions converging to 
a point outside it, it is plain that the column 
of fluid which escapes from the vessel will 
be narrower or more contracted atlthe point 
towards whieh the motioB of tho liq^id eon- 
verges than it is either beliwe it arrives ^ 
that point or after it has paased it. T^s 
(^g>^ contraction of the jet prodoeed l^ the pe« 
Guliar direc^ons which the motimis of tiie 
fluid particles take, was firat noticed by New- 
ton, who gave ii the name of tbe vmm se»- 
iracta or the cowtraeted veim of fluid* The 
distance fifom the orifice at which the gieat- 
est conti!«iction of the jet takes place depends^ 
mth certain lin^tions, on the magnitude of 
the orifice. If the cnrifice be circular and 
amaU, its distance is equidto half the diamje- 
ter of the orifice, and the magnitude ef the 
jet at its most contracted point bears t» the 
magnitude of the orifice, according to New- 
ton^ the j^reportion of 1000 to 1414, and ac- 
cording tp'Bossiit the m^oportioa of 1000 to 
1600._^ r ^ a, W K^J-' 

. ^ jjpgii IwiTlBgbl .(ijflHiiliiuiliiiiij that if the 

liquid be soffned to escape ly a cylindncal td>e, the contrac- 
tion of the vein wUl be gready diminished. In this ease the 
proportion cf the magnitude of the most contracted part to 
that of the bore of tbe tube is 1000 to 1900. 

As the same quantity of fluid which passes in any given time 
Unovgk the orifice must pass in the sane tine through thu 
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narrower spwcB of the eoiKncted vein, it fdlows Uiat it mxmt 
piiss throagh this jdace with a proportionally greater velocity. 
Its velocity, therefore, at the point called the contracted vein, 
is greater than at the orifice in the proportion 1414 to 1000, 
according to Newton's calculation. 

In applying the theormn which has been established respect- 
ing the equality of the velocity of the efflux to that of a body 
which has fallen firom the surface to the orifice^ it is the veloci- 
7 of the contracted vein which should be regarded, that being 
ae point at which the pressure produces its greatest effects. 

(103b) In the preceding investigation we have supposed 
[liquid to be supplied to the vessel as fast as it is discharged, so 
that the surfiice is maintained at the same heiffht above the 
orifice. The pressure is therefore constant, ana the velocity 
of efilux uniform. But if a vessel discharge its contents by an 
orifice in the lower part, then the. surface will continually de- 
scend. The pressure at the orifice will be continually dunin- 
ished, and the square of the velocity of discharge, which is 
proportional to this pressure, will sulTer a corresponding dimi- 
nution. Hence it appears that the velocity of discharge is 
continually less until the surface falls to the level of the onfice. 

It is not difficult to perceive, that an invariable proportion 
must subsist between the velocity of diMsharge and the velocity 
with which the surface of the liquid in the vessel falls. Sup- 
pose that the maj?nitude of the orifice is the hundredth part of 
the magnitude of the surface of the liquid, and that the rate of 
discharge at any moment is such that a cubic inch of the liquid 
would be discharged in one second : in that time a column of 
the liquid will pass through the orifice, whose base is equal to 
the orifice, and whose height is such that its entire magnitude 
will be a cubic inch. In the same time the level of the liquid 
in the vessel will fall through a space which would require a 
cubic inch of the liquid to fill. This space will be just as much 
less than the height of the former column, as the maj^nitude of 
the orifice is less than the magnitude of the surrace of the 
liquid ; that is, in the instance assumed, the space through 
which ^e surfkce will descend in one second will be the hun- 
dredth part of the space through which the liquid projected from 
the orifice would move in a second, if its velocity were contin- 
ued uniform. 

By the same reasoning, it may be inferred generally, that the 
. velocity with which the surface descends bears to the velocity 
of discharge the same ratio as the magnitude of the orifice 
' bears to the magnitude of the surface. y\ 

Since it has been already proved that the square of the velo- 
city of discharge is proportional to the depth of the orifice, it 
follows, firom what has been just stated, that the square of the 
J2* 
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velocity with wfakb tke rarftce deseendi ia alao woportioDal 
to the depth of the orifice. It k proved is nechaaic^ that 
when a body is projected upwards, commenciBg with a eertaia 
velocity) the square of its velocity dJmimahee m proportion to 
its distance from its point of greatest elevatkMW It theref<Nre 
ibllows, that such a body is retarded as it q^proaches its great- 
est height, according to the same law as llie velocity of the 
surface of a liquid in descending is retarded as it appronches 
the orifice at which it is dischar^d. 

Thus all the properties established in aoeekanics respecting 
bodies projected upwards and retarded by the force of ffnivity, 
may be applied to the descent of the 8urn»ce of a vessel which 
is emptied by an aperture in any part below that sur&ce. The 
initial velocity of the surface is easily found. The velocity of 
efflux at the orifice is that which would be acquired by a body 
failing fi-om the surface to the orifice, and may be determined 
by the ordinary principles of mechanics.* This velocity, being 
, duninished in the proportion of the magnitude of the sur&ce of 
the li<)uid to the magnitude of the anSce, wSl give the initial 
velocity of the surnice in its descent. The velocity at any 
other elevation may be calculated upon Hie principle that the 
squares of the velocities at any two elevaticMOS above the ori- 
fice are proportional to these elevations.. 

It is proved in mechanics, that if a body be projected up- 
wards with a certain velocity, the height to which it will rise 
will be equal to half the space through which it would move in 
the same time with the velocity of projection ccmtinued uni- 
form. Hence, by analogy, we infer, that the time which the 
surface of a liquid takes to Ml from any given elevation to the 
orifice, is equal to the time it would take to move through twice 
that elevation with the initial velocity continued uniform. Now 
as this initial velocity is known, the time which the surfoce 
would take to move dirough twice the elevation with it may be 
computed ; and, tiierefore, the time which the surface takes to 
move fi-om any given elevation to the orifice will be obtained. 

Hence it is easy to infer, that the time in which a vessel will 
empty itself through a hole in the bottom is equal to the time it 
would take to discharge twice the quantity of fluid contained in 
the vessel, if the initial velocity were continued uniform. 

(104.) If a stream of liquid be impelled, through a reservoir, 
in which the liquid is at rest, it is evident that it will drive be- 
fore it those parts of the liquid which impede its course ; but, 
independently of this, it will produce other motions in those 
parts of the Hquid in the reservoir near which it passes. Let 
us suppose a river to enter an extended lake at one extremity, 

* Cab. Cye. Mochanics, chag.TU. 
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mad to iflflue from it •! the other ; the bed of the iiTer being 
more shallow and contracted than the lake. If a hollow chas- 
nel or aqueduct were formed acroea the lake, equal in ma^- 
tnde and shape with the bed of the river, the water of the nyer 
would flow across the lake without producing any effect upon 
the waters of the lake, being separated from them by the chan- 
nel or aqueduct which we have supposed. If the sumce of the 
river, flowing in the channel, coincide with the level of the mt- 
faee of the luse, the channel or aqueduct will sustain no pies- 
Bure (»r strain, or, more properly, the pressures which it wfll 
suffer on all sides will be eqiul ; the waters of the lake prees* 
ing it upwards and inwards, witii forces exactly equal lo diose 
by which the waters of the river press it downwanis and out- 
wards. It is clear, therefore, that the channel has no effect in 
sustaining or neutralizing any hydrostatical pressuie, and that 
its removal will not call into action any force of this kind. 
Suppose it then removed, and the watexs of the lake themselvM 
to form the channel through which the waters of the river flow. 
Shall we conclude, that in this case the waters of the river wiQ 
continue to flow through those of the lake, the latter remaining 
quiescent, and the two masses of liquid being unmingled ? U 
has been found by experiment that such will not be me eftet 
The current of tb^ river flowing in contact with the waters of 
the lake will impart to them a share of its own motion ; and 
these again will communicate the motion to those beyond them, 
until at length the waters of the lake, to a great extent, on each 
side of the course of the river, are put in motion. 

The following experiment was instituted by Venluri to illus- 
trate the principle of the lateral propagation of motion by a 
liquid. A horizontal pipe A BtJig. 69., was introdoced into a 

Fig. 69. 




vessel C D E F, which was previously filled with water to the 
level G H. Opposite to the mouth of A B, and at a ahort dis 
lance ficom it, was placed a small rectangular cai^ KLMNel 
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tluii metal, with a curved bottom^ perpendicular sides, and open 
at the top. This canal was so placed as to be capable of con- 
ducting a stream, flowing in at N K, over the edge of the vessel 
F, and discharging it at M L. The pipe A B communicates 
with a reservoir R, kept constantly filled to the same height, so 
that the water issues from B continually, with the same rapidity. 
The cuirent flowing from B passes through the water in the 
reservoir C D E F, in the space between B and K, and enters 
the curved canal K L : it is forced up this by the velocity with 
which it issues from B, and flows out at L. .By this arran^- 
ment, a current, equal in magnitude to the pipe A B, is contm- 
ually flowing throu^ the water in the reservoir C D E P, in 
the space between B and N K. 

The effect of this has been found by experiment to be, that 
the whole of the liquid in the vessel D £ F, which is above 
the level B K, is carried with the liquid which passes from the 
tube A B, up the canal K L, and discharged at L. The surface 
6 H gradually falls> and is soon reduced to the level B K, where 
it remains. 

The lateral communication of motion by fluids, here describ- 
ed, is not confined to the case where the fiuid to which the 
motion is imparted, is of the same kind as that from which the 
motion is received. A current of water passing through the 
air will give to the air immediately contiguous to it a motion in 
the same direction. If a feather, or any oth^r li^ht body, be 
suspended by a long fine siiken thread, and held unmediately 
over the surrace of a rapid stream, but not in contact witii it, 
it will be &und to be driven along in the direction of the stream, 
in the same manner as it would, happen were it exposed to a 
blast of air. This effect, as might naturally be expected, is 
greatly increased when the velocity of the stroam is very con- 
siderable^ A cascade, which falls from a great elevation, pro- 
duces a current of air, the force of which can scarcely be with- 
stood. Venturi, who investigated and explained this phenome- 
non, observed a remarkable example of it, in a waterfall, which 
descends from the glacipr of Roche Melon, on the rock of La 
Novelese, near Mount Cenis. 

The lateral communication of motion, combined with the 
irregularities in the shape of beds and banks of rivers, is the 
cause which produces eddies of water, which are frequency 
observed in them, y^- 

Let Jig. 70. represent the suiface of a river, N R and OS 
being the shape of its banks ; suppose the current to run in the 
direction N R, and let B A be an obstacle projecting from one 
of the banks and impeding its course : the water will thus be 
caused to rise higher above B A, and to discharge itself round 
the point A with increased velocity. The liquid in the space 
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B D C A being protected from the force of the deseending 
stream by theobstacle B A, will at first be quieacent j bat the 
i«|iid low of the water from the point A will commniucate mo- 
tku to tiie latanl particlea in the npace C, and will convey them 
forward. Tlua particlea at E will then become alightly depreaa- 
ed, and the remoter partaclea towarda D will have a tendency 
to ill the depreaatoB ; the current from A to C will, howeveri 
continue to caz^ tfaflm off, and a hdlow will continue in the 
centre of the apace^ A C D. The water between A and C is 
thuB acted upon by two forcea ; w. the force ciHnmanicatod to 
it laterally, aoid tending to cavy it down the stream in the 
dkection A C| and the tendency which it baa by its mvity to 
fyi towarda the centre of the cavi^ £. These two forcea are 
precisely analogous to those by which a body is caused to move 
in a ciffcidar orrat, m* a psoiectile force at right anglea to the 
radius of the eircle^ and an atdractive force continuuly solicit- 
ing the body to the centre. The water by this means is whirled 
round in an eddy, which is ccmtinually maintained by the ac- 
tion of the stream m msbinff ttom the point A. 

A sudden contreotion of the bed of the river, followed imme- 
diately by a widmuttg of the banks, as at N O P Q, will produce 
the same effect ei two obstaclea, such aa B A, placed on oppo- 
site aides of the river ; consequently, under such circumstances^ 
eddies will be observed on both sides at P and Q, immediately 
after passing tiie contraelioa. 

The stream of water shooting from A will atrike the opposite 
banket G H, and will be refected from it intfa^ direction H S; 
the effect will, therefore, be the same at H as if the current 
encountered an obstacle theie simibir to B A, and, consequent- 

S, eddies will be repeated in the space near Jt- It follows, 
erefore, that a sadden oontractionof the banka, succeeded by 
a ^dening, will not only produce eddies immediately adjacent 
to the contraction, but that these eddies will be continued for a 
certain space afterwards. 

Similar effects may be expected by inequahties in the bottom 
of a river; but, instead of taking fdftce as just described, in a 
dixectix» parallel to the sur&ce, they will be produced in a i^ane 
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perpendicmw to it, uid the eddies will be presented upwards 
uke the curling on the crest of a wave. 
het JUg. 71, represent the section of a river perpendicular to 




its surface, A K exhibiting the shape of the bottom. In the 
case of aj?entle slope, such as A B C, let us first suppose the 
splice A B C to he filled with water, which is quiescent, the 
stream of the river running upon its surface A C ; the motion 
of the river will be graduaUy communicated to the water below 
A C, so as to give it a motion from A towards C. The shape 
of the bottom ABC will cause it to be projected from C to- 
wards the surface, forming a vertical eddy which will frequently 
terminate in a curling wave. In this case B C acts in the same 
manner upwards as B A, in Jig, 70., did laterally. If the ex- 
tremities of the hollow be abrupt, as at D 6, subaqueous eddies 
will be produced. 

All these effects may be exhibited experimentally, by causing 
water to flow through artificial channels with glass sidea 

It will be evident from all that has been stated, that irregu- 
larities in the bottom and sides of rivers must necessarily reterd 
their currents; the force which would otherwise carry the 
stream directiy down its channel is here wasted in producing 
lateral and ob&que motions. All the moving force of the water 
in an eddy must be ori^nally derived from the precipitous de- 
scent of the stream, which is therefore robbed of all the power 
requisite for the maintenance of such effects. We, therefore, 
perceive why the velocity of rivers, in their descent to the ocean, 
IS always much less than that which would be calculated upon 
mechanical principles, supposing them to flow in a perfectly 
even and regular channel. In fact, the effects of such inequal- 
ities partake, in a certain degree, of the nature of friction ; they 
are^ as it were, fHction on a large scale. It is also evident why 
livers, the beds of which descend towards the sea with equ^ 
acclivities, yet may have very different velocities, the velocity 
Meing greater the more regular the channel. 
/« (105.) When a liquid in motion strikes a solid surface at rest, 
or when a solid surface in motion strikes a liquid at rest, the 
quiescent body deprives the moving one of a quantity of force 
equal to that which it receives ;* and this loss of force is said 

* Cnk, Cjc, MeohaniM, chap, it 
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to aruie from the retktance which the quiescent bodT tdhf to 
the body in motion. When a ■olid body is immened m a liquid, 
the force neceieary to move it with any given velocity is fonnd 
to be greater than that which would be neceaiary to move it 
with the same velocity when not immened : this excess of force 
arises from the resistance of the liquid to the solid, and it is a 
problem of great practical importance to establish the rules or 
theorems by which this resistance may be estimated, and by 
which its laws may be exhibited. The same rules precisely 
will be applicable to solid bodies, such as the float-boards of a 
water- wheel when struck by the water of a mill course. In the 
one case the force to be measured is called the resistance of 
the liquid, and in the other it is denominated the percussion of 
the liquid. In these, as in almost every other part of hydraulics, 
theory lends but feeble aid to practice. There are many eflfects 
attending the operation of the liquid, whether in resisting or 
communicating motion, which, from their nature, elude the 
grasp of theory, and appear to be incapable of being represent- 
ed by mathematical or arithmetical language or symbols : never^ 
theless, there are a few general principles which may be re- 
garded as approximating within a certain degree of practical 
results, and sufficiently near them to impress upon the memory 
a general notion of the phenomena, if not to be usefbl in the 
actual calculations of the engineer. 

Indeed, the first steps in generalizing this class of effects are 
almost as obvious to the most common experience as their exact 
determination is difficult For example, if a flat board of a foot 
square be moved in water with a certain velocity, so that its flat 
side shall be presented in the direction of its motion, a certain 
resistance is felt, and a certain fbrce is necessarv to keep it in 
motion ; but if the same board be moved in the direction of its 
edge, it is well known that a much less force will be found 
necessary to give it the same velocity as in the former case. 
When the boatman plies his oar, he keeps the flat part of the 
blade presented in the direction in which he pulls, at that part 
of the stroke at which the greatest effect is produced in impell- 
ing the boat ; but when he wishes to extricate the oar from the 
liquid, preparatory to another impulse, he turns the blade edge- 
ways towards the water, and the resistance, which before was 
powerful, becomes immediately insignificant When the wings 
of a bird are spread for flight, the flat and broad part of their 
plumage is presented downwards, to give them support from the 
resistance of the air in that direction, while their edge is pre- 
sented forwards, to enable them to cleaveUie air wi£ as little 
.resistance as possible in that direction. '^ 
xThese and like effects, which constantly fall under our ob- 
servation, indicate the general fact, that the broader the surface 
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yiraented in the direotion of the motkMi,^ grMterwffl be 
tte TOflistaiwe. Bat it reqmres move aecun^ and philofloi^iie 
ezaminatlDn, to decide whetlieT the inereade of TeMigtiaice be 
Blwa3r8 in the exact proportion of the inereaee df sntftce ^pre- 
•ented towards the motion : both theoiy and experience decide 
thia question in the affinn«tive. The resistance arises irom 
the fbree wl^h the moving bod^r must expend in displacii^ the 
particles of Huid which lie in its wa^r : all other things being 
the same, this force must obviously be proportional to the num- 
ber of iHurticles to be displaced ; ttds number wiD evidently be 
deteimmed by the magnitude of the sur&ce. A flat board of 
the magnitude of one square foot displaces a certain quantity 
af liquid by its motion ; one of two square feet will displace 
twice that quantity ; and, therefore, will require twice the force 
to keep it in motion ; or, in other words, will suffer twice the 
resistance ; and the same will be true whatever be the magni- 
tude of Uie surface. We, therefore, conclude generally that— 

**When a flat surfhce is moved perpendicularly against a 
fluid, the resistance which it suffers w^l increase or decrease 
in the same proportion as the magnitude of the surface is in- 
creased or decreased.'' 

(106.) If, instead of being presented perpendicularly to the 
liquid, the surface be presented obliquely with respect to the 
direction of its motion, the resistance will be diminished on two 
accounts : first, The quantity of liquid displaced will be less ; 
and, secondly, The action of the surface m displacing it will 
have the mechanical advantage of an inclined plane, or wedge, 
BO that, instead of driving the liquid fbrward, it wMl in some 
measure mish it aside. 

Let A jB,^. 73., be the surface of a solid moving in a liquid 

Fig.lZ 




in the direction expressed by the arrow. It is evident that the 
quantity of liquid displaced by the surface A B is the same as 
mat idiich would be displaced by the smaller surface A C mov- 
ing perpendicularly against the liquid. Let us suppose that 
A C is half the magnitude of A B ; it follows, therefore, that 
the quantity of liquid which would be displaced by A C is half 
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that which would he displaced hy A B, if it moved pcrpendicu-' 
larly agrainst the liquid. Hence it may be inferred, that by 
reason of the oblique position of A B, the quantity of liquid 
which it displaces is reduced one half. 

Again, this reduced quantity of liquid which is so displaced, 
is not driven perpendicularly before tiie moving surface. The 

\ surface A B acts on each particle of the liquid as a wedge acts 
in cleaving a piece of timber ; and, by ttoe principles of mechan- 
ics, it is established that a power actmg against A C wiU over 
come a force on the face of the wedge greater than its own 
amount in the proportion of A B to A C ;• or, in the case 
already supposed, that of two to one. We, therefore, con- 
clude, that m the oblique position of the surface A B, com- 
pared with the same surface moving perpendicularly against 
the liquid, only half the quantity of liquid is displace^ and 
that quantity only offers half the resistance which the same 

^ quantity would offer to perpendicular motion of the surface A B. 

'; The conclusion is, that by the obliquity of the surface A B the 
resistance is reduced to one fourth of its amount. 

In like manner, if A C were a third of A B, the resistance 
would be reduced to one ninth of its amount. If A C were a 
fourth of A B, the resistance would be reduced to a sixteenth 

I of its amount, and so on ; the resistance being always diminished 

i in the proportion of the square of the baclc of the wedge, as 

"^ compared with its face. 

. In trigonometry, the number which expresses the proportion 

of A C to A B is called the sine of the angle at B ; and thus 

' the resistance to a surface moving in a liquid is said to increase 

I or decrease in, proportion to the square of the sine of the angle 
which the direction of the surface ma^es with the direction in 
which it is moved. f / " . -^^^^ J^'U ^^.tc f (. ^ ft j\^ 

The resistance here determined is that which acts perpen- 

' vdicularly on the surface A B. The portion of it which acts in 

^: the direction of the motion may be found by the principles for 

i the resolution of force. Let D E express the resistance per- 
pendicular to A B, and let £ F be drawn perpendicular to the 
direction of the motion, D F will express that part of the resist- 
ance which acts against the motion. The proportion of D F to 
D E is the same as that of A C to A B.f 

(107.) We have hitherto omitted the consideration of the 
effect produced upon the resistance of the fluid by any change 
in the velocity with which it strikes the solid, or with which 
the solid strikes it If a flat board be moved perpendicularly 
against a liquid, it is quite evident that the greater the velocity 
with which it is moved, the greater will be the resistance which 
the liquid wUl offer to it ; and this effect may in part be ac- 

* Cab. Cyc. Meohaniea, chap. xyi. , t ^^- chap. t. 
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counted for very obviously. It has been already explained, that 
the resistance arises from the force which the solid loses in 
ffivinff motion to the liquid which stands in its way. It is clear 
tiiat uie more rapid the motion of the solid is, the greater wiU 
be the velocity which it will communicate to the fluid, and, 
tiierefore, ^e greater the force with which the -fluid will be 
propelled ; and, by consequence, the greater will be the resist- 
ance .opposed to the solid. But the increase of resistance is 
not merely in proportion to the velocity. Each particle of the 
fluid whkh the solid strikes during one second of time, if it 
moves with a double speed, receives &om it a double force, and 
therefore offers to it a double resistance. But, besides this, the 
circumstance of the body moving with a double speed causes it 
to strike twice as many particles in a second ; each particle, as 
just stated, beins struck with a double force. It is, therefore, 
apparent that a double speed will cause the body to impart a 
fourfold force to the liquid which it puts in motion. It will put 
double the quantity of liquid in motion with a double velocity ; 
it follows, therefore, that it will be opposed by a fourfold 
resistance. 

By like reasoning, it will be easy to prove that a threefold 
velocity will produce a ninefold resistance ; that a fourfold 
velocity will cause the resistance to be increased sixteen times, 
and so on ; the resistance varying in proportion to the square 
of the velocity. 

(108.) In the preceding investigation we have explained how 
the quantity of resistance is varied by any change in the mag- 
nitude or figure of the solid, or in the velocity with which it is 
moved. But, in order to render these conclusions useful, it will 
be necessary to show the actual amount of the resistance in 
some oae. particular case. If this be known, its amount in all 
other cases may be calculated by the theorems just explained. 
Thus, if the aosolute resistance produced by any particular 
velocity be known, the resistance which would be produced by 
any other velocity may be computed from the established prin- 
ciple, that the resistance varies in proportion to the square of 
the velocity. 

Experiments were instituted by Bossut, with a view to de- 
termine the absolute resistance sustained by a solid moved in a 
liquid. By these experiments it was found that if a flat board 
were moved perpendicularly against a liquid, it would suffer a 
resistance equal to the weight of a column of the fluid, the base 
of which is equal to the board, and the heiffht of which is equal 
to the height from which a body should fall, in order to acquire 
the velocity with which the board is moved against the liquid. 

It follows from this, that the resistance of different fluids vrill 
be different according to their specific gravities, for the heavier 
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a column of the same height is, the gfreater in the same pro- 
portion will the resistance be. Thus the resistance of sea 
water is greater, in a slight degree, than that of fresh water ; 
and the resistance of mercury is many times greater than 
either. 

When a jet of liquid strikesa solid at rest, it is found that 
the absolute resistance is different, but that its variation depends 

' upon the same laws. In this case the force sustained by the 

' solid 'is equal to the weight of a column of the liquid, whose 
height is double the height from which a body should fall to 

#«cquire the velocity. Hence it follows, that a vein of liquid 
striking a solid with a certain velocity produces an effect 

Amounting to double that which would be produced by moving 
(he solid with the same velocity in a similar liquid at rest 

(109.] The theorems just established constitute the onlv 
results m hydraulics which deserve the name of general princi- 
ples, and which approximate within a limit sufficiently close to 
the actual phenomena to be of any practical utility. But, even 
in the application of these, there are several circumstances 
which ought to be taken into consideration, in restricting and 
modifying the conclusions deduced from them. They are, how- 
ever, attended with several consequences which experience 
fully veriflea, and which are of considerable importance in the 
practical applications of the science. 

The effect produced on the resistance of a liquid by the obli- 
quity of the surface of the solid which moves through it, forms 
a prominent element in the problem for determining, under dif- 
ferent conditions, the shape of the solid. This consideration 
must materially affect the shape to be given to vessels of all 
denominations, whether for navigating me seas, or for inland 
transport by canals and rivers, ft is this principle which causes 
the length of the vessel to be presented m the direction of the 
motion, and which gives a sharp prow, where circumstances 
admit it, the advantage over a round one. The boats which 
ply on rivers, or other sheets of water not liable to much agita- 
tion, nor intended to carry considerable freight, are so con- 
structed, tiiat every part of their bottom which encounters the 
liquid moves against it at an extremely oblique angle. The 
boats for the conveyance of persons to short distances on th^ 
Thames, and other rivers, afford obvious examples of this. >^ 
Art in these cases only imitates nature. Animals, to whose 
existence or enjoyment a power of easy and rapid motion in 
fluids is necessary, have been created in a form which, with a 
due regard to their other functions, is the best adapted for this 
end. Birds, and especially those of rapid flight, are examples 
of this. The neck and breast tapering from before, and in- 
creasing by slow degrees towards the thicker part of Uie body, 
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cauBO them to encounter the air with a degree of obliquity 
greatly dimiaiflhing the resistance, alight as it is, which that 
attenuated fluid opposes to their flight; but we find a more 
striking illustration of the same principle in the forms of fishes 
of evenr denomination. The reader must not, however, be 
tomptod to indulge in the supposition that nature has in these 
cases solved the celebratod problem, to find the form of the 
solid of least resistance. The solid contemplated in that prob- 
lem has no other function to discharge except to oppose the 
resistance of the fluid, and the question is one of a purely ab- 
stract nature, viz. What shape shall be given to a body, so that, 
while its volume and surface continue to be of the same mag- 
nitude, it will suffer the least possible resistance in moving 
throu£[h a fluid ? It will be apparent that many conditions must 
enter mto the construction of an animal, corresponding to its 
various properties and functions, independently of those in vir- 
tue of which it impels itself through the deep, or cleaves the 
air. The detection of verifications of the results of theory in 
the works of nature is in general so seductive, that writers are 
sometimes tempted to overiook the inevitable causes of discrep- 
ancy in their eagerness to seize upon analogies of this JdikL 
Without, however, seeking in natural objects Sie exact solution 
of a mathematical problem unencumbered by various conditions 
which nature has to fulfil, the examples which have been pro- 
duced give abundant manifestation of design in the works of 
the Creator, which is, or ought to be, the chief source of the 
delight which attends such Ulustrations. 

(110.) The resistance arising fix>m the quantity of fluid dis- 
placed by the moving body may, therefore, be always greatly 
diminished, and in some cases rendered almost insignificant, by 
a proper adaptation of its shape.* The accumulated resistance 
arising firom the increased speed of motion is, however, an im- 
pediment which no art can remove* The fact that the resist- 
ance of a liquid to a body moving in it increases in a prodi- 
giously rapid proportion in respect of the increase of velocity, 
IS one which sets an impassable limit to the expedition of 
transport by vessels movinff on the surface of water. This 
property has long been well known ; but it has received greatly 
mcreased importance from the recent improvements in the ap- 
plication of steam. If a certain power be required to impel a 
vessel at the rate of five miles an hour, it might at firat view be 
thought that double that power would cause it to move at the 

* Much depends upon giving to the posterior extremitv that shape which wiU 
facilitate the flow of water to it. Unless this be attended to, there is at this pari 
a depresiion of the lurfoce much below the common level, and a consequent dimi- 
nution of the hydrostatic pressure, whilst the motion or the body is opposed hf 
the hydrostatic pressure of the higher column at the anterior extremity — Av.Bb. 
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rate of ten miles an hour ; but from what has been already 
proved, it will be perceived that four times the power is neces- 
sary to produce this effect. In like manner, to cause the 
vessel to move at the rate of fifteen miles an hour, or to give 
it three times its original speed, nine times the original power 
is necessary. Thus it follows, that the expenditure of the 
moving principle, whether it be the power of a steam engine 
or the strengtii of animals, increases in a much larger ratio 
than the increase of useful effect If a boat on a canal be 
carried tliree miles an hour by the strength of two horses, to 
cany it six miles an hour would require four times that number, 
or eight horses. Thus double the work would be executed at 
fo ir times the expense. 

^111.) These considerations place in a conspicuous point of 
view the advantages which traxiiBport by steam enf^es on rail 
roads possesses over the means of carriage Airmshed by in* 
land navigation. The moving power has in each case to over* 
come the inertia of the load ; but the resistance on the road, 
instead of increasing as in the canal in a faster proportion than 
the velocity, does not increase at all. The friction of a carriage 
on a rail road, moving sixty miles an hour, would not be greater 
than if it moved but one mile an hour, while the resistance in a 
river or canal, were such a motion possible, would be multiplied 
3600 times. In propelling a carriage on a level rail road, the 
expenditure of power will not be in a greater ratio than that of 
the increase of speed, and therefore the cost will maintain a 
proportion with the useful effect, whereas in moving a boat on a 
canal or river, every increase of speed, or of useful effect, en- 
tails an enormously increased consumption of the moving prin- 
ciple. 

But we have here supposed that the same means may be re- 
sorted to for propelling boats on a canal, and carriages on a 
rail road . It does not, however, appear hitherto that this is prac- 
ticable. Impediments to the use of steam on canals have hith- 
erto, except in rare instances, impeded its application on them ; 
and we are forced to resort to animal power to propel the boats. 
We have here another immense disadvantage to encounter. 
The expenditure of animal strength takes place ij*^ fw greater 
proportion than the increase of speed. Thus, if a horse of a 
certain strength is barely able to transport a given load ten 
miles a day for a continuance, two horses of the same strength 
will be altogether insufficient to transport the same load twenty 
miles a day. To accomplish that, a much greater number of 
similar horses would be requisite. If a still greater speed be 
attempted, the number of horses necessary to accomplish it 
would be increased in a prodigiously rapid proportion. This 
will be evident if the extreme cape be" considered, viz. that 
13* 
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there is a limit of speed which the horses under no circmo- 
stances can exceed.* 

The astonishment which has been excited in the public mind, 
by the extraordinary results recently exhibited in propellinif 
heavy carriages by steam engines on rail roads, will subside if 
these circumstances be duly considered. The moving power 
and the resistance are naturally compared with other moving 
powers and resistances to which our minds have been familiajr. 
To the power of a steam engine there is, in fact, no practieol 
limit ; the size of the machine and the strength of the materials 
excepted. This is compared with agents to whose powers na* 
ture has not only imposed a limit, but a narrow one. The 
strength of animals is circumscribed, and their power of speed 
still more so. A^ain, the resistance arising from friction on a 
road may be diminished by art without any assignable limit, 
nor does it sustain the least increase, to whatever extent the 
speed of the motion may be augmented ; on the contrary, the 
motion of a vessel through a canS has to encounter a resistance 
by increase of speed, which soon attains an amount which 
would defy even the force of steam itseli^ were it applicable, to 
overcome it with any useful effect. 



•'^ 



CHAP. X. 

OF HYDRAULIC MACHINES. 



WATER WHEELS.— OVERSHOT. UNDERSHOT. BREAST. — BARKER'S 

MILL. — ARCHIMEDES' SCREW. — SLUICE GOVERNOR.-.-CHAIK PUMP. 
\ 

(112.) The term " hydraulic machinerjr," in its general 
sense, is understood to comprise all machines in which the 
force of water is used as a prime mover, and also those in which 
other powers are applied for the purpose of raising or impellinj? 
water itself. Many of these machines, however, owe their ef- 
ficacy to principles and properties, the investigation of which 
properly belongs to departments of physical science foreign to 
that which forms the subject of the present treatise. We shall, 
therefore, here confine our observations to such machines, or 
parts of machines, as admit of explanation by the principles of 
hydrostatical science, combined with the ordinary principles 
of mechanics. 

(113.) The most usual way in which water is applied as a 

* Cab. Cyc. MechsnicR, chap. xx. 
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pxime mover to machinery, is by causing it to act eitlier by its 
impulse in motion, or by its weight on the circumference of a 
wheel, in a direction at right angles to the spokes or radii, and 
thus to make the wheel revolve and conmiunicate motion to its 
axis. This motion is transmitted in the usual way, by wheel- 
work and other contrivances, to the machinery which it is re- 
quired to work. 

Water wheels vary in their construction, according to the 
way in which the force of the liquid is intended to be implied 
to them. The principal forms which they assume are denom* 
inated overshot, undershot, and breast wheels. , 

sJ Overshot Whed. \ 

(114.) The most common form of the overshot wheel is rep- 
resented in^. 73. On the rim of the wheel a number of c«v- 




ities, called buckets, are constructed, which in the figure aro 
exposed to view, by supposing one of the sides which enclose 
them to be removed. What may be called the mouths of the 
buckets are all presented in one direction in going round the 
wheel, and by tnis means the buckets on one side will always 
have their mouths presented upwards or nearly so, while those 
on the other side will have their mouths presented downwards. 
It foUows, therefore, that the buckets on the side B are in 
such a position that all of them are capable of containing some 
water, and some of them of being kept filled, while those on 
the side D axe incapable of retaining any liquid. Let us sup- 
pose a stream to flow from F into the bucket marked 1. The 
weight of the water which fills this bucket will cause the wheel 
to turn in the direction 123, &c., and the other buckets will 
successively come under the stream, and become filled ; and this 
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oontinueB until the range of buckets from A to B are filled. As 
the buckets approach n they beffin slightly to lose the liquid 
by their change of position, and after passing B this loss is 
rapid, to that before they arrive at the lowest point C, they are 
empty, and in that state they ascend round C D to A, where 
they are again replenished. It appears, therefore, that there 
is a weight of water continually acting on one side of the wheel, 
distributed in the buckets from 1 to 8, and that this weight is 
not neutralized by any corresponding weight on the oi>po6ite 
side. The wheel i^, therefore, kept contin^ally revolving in 
the direction A B C D. A reference to the properties of the 
lever, or the wheel and azle, as explained in Mechanics,* will 
make it i^pparent that the water contained in the several buck- 
ets is not equally efficacious in giving motion to the wheeL 
The weight of the water which fills the bucket 1 has the same 
effect in turning the wheel as an equal weight acting down- 
wards at a would have in turning the lever D B on the centre 
O. In like manner the weight of the water in bucket 2 has the 
same effect in turning the wheel, as a similar weight acting at 
b would have in turning the same lever D B. Now if the 
weights be the same, the efficacy to turn the lever will be in- 
creased in the proportion of O a to O &. Although the contents 
of the bucket in passing from 1 to 2 may experience a slight 
diminution, yet this loss is perfectlv insignificant compared 
with the advantage of the increased leverage 06. In like 
manner the leverage continues to increase ; that of the bucket 
3 being O c, of 4 being O d, and finally, the bucket 5 having 
the leverage of the whole radius. After passing below B the 
leverage begins, on tlie contrary, to decrease, and continues to 
decrease until it arrives at C. From these circumstances it is 
obvious that the efficacy of the wheel will, in a great degree, 
depend on giving the buckets such a form as wfi cause them 
to lose as little water as possible until they pass the point B, 
where they have the greatest mechanical advantage. As they 
approach C the circumstance of discharging their contents be- 
comes of less importance because of the decreasing leverage. 

Millwrights have expended much ingenuity in contriving 
forms for the buckets, calculated to retain the water in those 
parts of the circumference where its action is most efficacious, 
and to discharge it with facility and expedition. Details on 
this subject would, however, be misplaced in the present 
treatise. 

Numerous experiments have been made to determine the 
most advantageous size of overshot wheels, and the best veloci- 
ty at which they can be worked. Most authors are of opinion, 

* Cab. Cyc. Mechanic:, chnp. xiv 
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that the diameter of an ovenhot wheel •hould never exceed the 
height of the fall of water hy which it is impelled ; bat that it 
should be as nearly equal to this as is consistent with ffiving 
the water sufficient velocity on entering the buckets, Somey 
however, think, that the diameter might with advantage even 
exceed the height of the &11. With respect to the velocity of 
the wheel, some maintain that the slower the motion the greater 
wiU be the effect; while others hold that there is a cettain 
velocity (of very small amount) which will five a maadmum ef> 
feet, and assert that those who maintain the contrary opinion 
have not carried theur experiments to a sufficient extent to es- 
tablish the principle. 

It requires little reflection to be able to perceive bow the 
useful effect may be greatest when the wheel moves with 
a certain velocity, any increase or decrease of that velocity di- 
minishing the actual quantity of work done in a given time. 
The pNOwer of the wheel being the same, the velocity with 
which it moves will be less in proportion as its load is increased. 
Suppose a water wheel works a flour mill, in which, at different 
times, it has to move a different number of miUstones, it is evi- 
dent that the greater the number it has to move, the slower will 
be the motion which it will impart to each ; and, therefore, 
althoug[h the quantity of flour produced will be increased bv 

en 



increasing the number of stones, yet the quantity which eaco 
stone will produce will be diminished bv the increased slowness 
of the motion. There is a certain velocity at which these ef- 
fects mutually neutralize each other, and at this velocity the 
useful effect is at its maximum. 

Suppose the power of the wheel is expended on moving the 
millstones without beinff fed with com ; the velocity of the 
wheel will then evidenUy be greater than if the resistance of 
the grain were opposed to the power. The useful effect will, 
however, in this case be nothing ; the whole power bein^ ex- 
pended on moving the unloaded machine. Let one pair of 
stones be now cal&d into action ; the velocity will be immedi- 
ately diminished by the increased resistance, and the useful 
effect will be estimated by the quantity of flour produced by 
the single pair of stones in a ^ven time, as one day. Let two 
pair of stones be now called mto action ; the resistance being 
further increased, the velocity will sustain a corresponding 
diminution. The first pair of stones will produce a less quan- 
tity of flour in a day than they did before the second pair were 
called into action ; but this will be more than compensated for 
by the quantity ef flour produced by the second pair, which 
before were unemployed. The same reason will be applicable 
if a third pair be called into action, and so on. Now it is evi- 
dent that the wheel may be required to move so many pairs of 
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ilones, that its whole power will be necessaiy barely to give 
them motion, none remaining to overcome the additional resifit- 
ance offered by the com wi£ which they axe fed. This resist- 
ance will then stop all motion, and no work will be done or 
nsefol effect produced. It is evident that as the machine 
gradually approaches this limiting state, the useful effect will 
diminish bv de^es before it altogether vanishes ; and the 
point at which it commences so to diminish is that at which 
the machine has the velocity which produces the greatest use- 
fhl effect 

" Experience,'' says Smeaton, « proves that the velocity of 
three leet in a second is applicable to the highest overshot 
wheels as well as to the lowest ; and all other parts of the 
work, being properly adapted thereto, will produce very nearly 
the greatest effect possible. However, this also is certain fiom 
Experience, that high wheels may deviate farther from this rule 
before they will lose their power by a given aliquot part of the 
whole, than low ones can be admitted to do. For a wheel 
of 24 feet high may move at the rate of 6 feet per second, with- 
out losing any considerable part of its power ; and, on the other 
hand, I have seen a wheel of 33 feet high, Uiat has moved veiy 
steadily and well, with a velocity but litde exceeding 2 feet 
per second." V^" 

Undershot Wheel. /^ \ 

(115.) An undershot water wheel is an ordinary wheel turn- 
mg on an axis, furmshed with a number of flat boards placed 
at equal distances on its rim, and projecting from it in direc> 
tions diverging from its centre, and having their flat faces at 
right angles to the plane of the wheel. These boards are called 
float boards ; and such a wheel, of the most common construc- 
tion, is represented in^. 74. The edge of the wheel, at its 




lowest point, is immersed in a stream called a mill-course, and 
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the float boards are intended to receWe the impnlM of the 
water as it passes under the wheel. The wheel is thereby 
caused to revolve in the direction of the stream, with a force 
depending on the quantity and velocity of the water, and the 
number, form and position of the float boards. 

The mill-course is usuallv an artifioial canal, carried flrom 
the river or other reservoir nrom which the water is supplied, 
and conducted, after it has passed the wheel, to some con- 
venient jpoint, where it may be again discharged into the bed 
of the river. In order that the water may strike the wheel 
with the greatest possible force, no more inclinnkion is given 
to the mill-course A B,^. 75., than is sufi&cient to give motkm 

Fig. lb. 




to the water in it, until it comes within a short distance of the 
wheel. There a fall B F is constructed, and the stream having 
acquired a velocity corresponding to the height of this fUl rushes 
a^nst the float boards, and puts the wheel in motion. The 
mill-course then has a further tail M V N to carry off" the water, 
which would otherwise impede the advancing float board. 

It is found by experience advantageous that the float boards 
should not precisely converge to the centre of the wheel, but 
that instead of being perpenoicular to the rim of the wheel they 
should present an acute angle towards the current By this 
means force is gained, not merely by the impulse of the water, 
but in some degree by its weight 

The experiments instituted to determine the best velocity of 
the wheel, and the best number of float boards, under given 
circumstances, do not appear to have led to any principles, suf- 
ficiently general and certain, to entitle them to notice here. 

Brtast Whed. 

fll6.) A breast wheel partakes of the nature of the overshot 
ana undershot wheels. Like the latter, it is furnished with 
float boards instead of buckets ; but, like the former, it is work- 
Digitized by LjOOQ IC 



156 



A TRCATIse ON RTDEO8TATIC0. 



CBAP. X 



eamort by the weight of water than by its impolfle. The water 
is delivered at a point M, fig. 76^ nearly on a level with 
the axia of the wheel, and the mill-coune below that point if 




accommodated to the shape of the wheel, so that the float 
boards turn nearly in contact with it The spaces enclosed by 
the float boards and the mill-course thus serve the same pur- 
pose as buckets in the overshot wheel, and the water enclosed 
in them turns the wheel by its weight 

Barkis MU. 

(117.) The machine known by this name consists of a hollow 
upright tube of metal, A B,^. 77,^ terminating in the upper 
end B in a funnel, and attached to an upright axis C D, on 
which a toothed wheel is fixed, from which motion may be 
communicated to any machinery. The hollow tube B A com- 
municates with a cross tube £ F closed at the ends, and the 
upright tube A is closed at the lower end, and terminates in a 
point or pivot, which turns freely in a hollow cone adapted to 
receive it The whole is enclosed in a frame and immersed in 
a reservoir. Let water be supposed to be supplied to the fun- 
nel B, from a pipe G, and let the upright and cross tubes be 
thus filled. The water standing at the level B, a pressure is 
excited on every part of the cross tube E P equal to the weight 
of a column of water whose height is A B. But since uiis 
pressure acts equally in every possible direction on the tube 
£ F, it will keep the tube in equilibrium, and no motion will 
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•asoA. Ltt two holM be now mneed ia oppotilt ildM of tlM 
tnlw E F, and near the eztremitiee, and let the water be eup- 
plied at O aa ftet aa it flowa from theae holea, ao that the level 




B will be maintained. Thoae parts of the tube E F, from which 
the water iasues, will thus be relieved from the preasare above 
mentioned, but the corresponding points on the opposite sides 
of the tube will still continue to sustain the same pressures. 
Theae pressures are, therefore, no longer counterbalaneed, 
aince they both tend to make the tube revolve in the aame di- 
rection. The arms E F will, therefore, immediately commence 
to revolve, and will turn the upright tube round on the pivot, 
pying motion at the same time to the toothed wheel snove. 
This motion may be communicated to any kind of machinery. 

In some elementary works on hydraulics, the operation of 
this machine is explained on totally wrong principles. The 
motion ia said to be produced by the resistance of the air to 
the issuing water. It would be easy to refute this abaurd no- 
tion upon theoretical principlea ; but periiapa the argument 
meet intelligible to those who give such an explanation, is to 
bid them try a model of Barker's mill in vacuo. The motion ia 
produced on a princi|^e preciMly similar to that which caoaea 
a gun to recoil when discharged. 

AtMiiudt^ Screw. 

illBA Thia inatmment ia said to have been invented by Ai 
U 
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cbimedes when in Egypt, for the pnrpoee of enabling the in- 
habitanlB to clear liie low grounds from the stagnant water 
which remained after the periodical overflowings of the Nile. 
It was also used instead of a pump to clear water from the 
holds of vessels ; and Athensus states that the memory of Ar- 
chimedes was venerated by sailors for the benefit thus confeired 
on them. 

The instrument may be presented under different fonDS, 
which, however, all ame in principle. Suppose a leaden tube 
to be bent into a spiral form like a corkscrew, or the worm of a 
still, as represented in^. 78. Suppose A the extremity to be 

Fig, IS. 




open and presented upwards, and suppose the screw to be 
maced in an inclined position, as represented in the figure. 
From its peculiar form and position it is evident that commenc- 
ing at A, the screw will descend until we arrive at a certain 
pomt, B ; in proceeding from B to C it will ascend. Thus B 
IS a point so situate that the parts of the screw on both sides of 
it are more elevated than it is, and therefore if any body were 
placed in the tube at B, it could not move in either direction 
B A or B C, without ascending. Again, the point C is so situ- 
ate, that the tube on each side of it descends ; and as we pro- 
ceed, we find another point, D, which like B, is so placed that 
the tube on each side of it ascends, and, therefore, that a body 
placed at D in the tube could not move in either direction 
without ascending. In like manner there are a series of points, 
F, H, &C., continued alon^ the whole length of the spiral, 
which are circumstanced like B and D ; and another series, 
E, G, &c., which are circumstanced like C. 

Let us now suppose a ball, less in size than the bore of the 
tube, so as to be capable of moving freely in it, to be dropped in 
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at A. As the tube descends from A to B the ball will descend 
by its weight, as it would down an inclined plane, until it ar- 
rive at B. The force which it acquDres in its aescent will carry 
it beyond this point, and will cause it to ascend to a small dis- 
tance towards C ; but its weight soon destroys the force which 
it has retained by its inertia, and after a few oscillations on each 
side of B, its motion will altogether be destroyed by the frio^on / 
\^f the tube, and it will remain, at rest at that point '' / 

yT Now suppose the ball for a moment to be fastened or attached 
' to the tube at B, so as to be incapable of moving in it ; and 
suppose the screw to be turned nearly half round, so that the 
end A shall be turned downwards, and the point B brought 
tieoHy to the highest point of the curve ABC. It is evident 
Uiat the series of points B, D, &c., which were before situate 
so as to have ascending parts of the tube on each side of them, 
are now in the very contraiy predicament, having interchanged 
situations with the points C, £, &c., as represented in fig. 79. 




The ball which we supposed attached to the tube, is now hang- 
• ^/ ing as it were on the brow of an acclivity, immediately to the 
ir-Bi^ of the Wghest point at B ; for we have supposed the point 
' where the ball was placed to be brought 'nMohf^ but not exactly, 
to the highest point. If the ball be now disengaged or detach- 
ed, it will descend by its gravity from B to C, where it will 
ultimately rest The point at which B was placed when the 
screw was in the position represented in JSy. 78., is marked h 
in Jig. 79. In fact, by turning the screw on its axis half round, 
it must be evident, upon the slightest attention, that no point 
of it can be really advanced in the direction of its length, and 
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that no other effect can he produced than to canae eyery pmnt 
to revolve in a circle round its axis. Thus the point B, ng. 7S^ 
if transferred from the lowest part of the circle in which it re- 
volves, nearly to the highest, aa represented in Jig. 79. : the ball, 
therefore, being no longer placed between two ascendinj|r parts 
of the screw, will no longer be prevented from moving in obe- 
dience to its gravity ; it will have an ascent on one side and a 
descent on the other, and towards the latter, of course, it most 
fidL The whole effect, therefore, of the half turn which we 
have supposed, is to transfer the ball from the point 6 to the 
point C, wluch is, in fact, equivalent to moving it up the inclined 
plane A C, /fe. 79., from 6 to C. 

Another huf turn of the screw will be attended with shnilar 
effe zta. The ball being supposed to be attached to the tube at 
C, will, when the tube is restored to the position represented 
in^. 78., cause the ball to stand on the brow of an acclivity 
descending from C to D. If the ball, therefore, be again disen- 
gaged, it will frdl to D, where it will again rest By this means 
ue ball is therefore carried up the inclined plane from c to D, 
as in^. 78., or, what is the same, from Ctod injig. 79. 

It IS clear that, by continuing tliis reasoning, we could show, 
that, under the circumstances supposed, the ball would be 
gradually transferred from the lowest point of the inclined 
plane to the highest as far as the screw extends. 

We have supposed the ball to remain attached to the screw 
at B until a half turn of the screw is nearly completed, and not 
until then to be detached. But suppose that the ball is detached 
when a very small part of a turn has been made : the point B 
will thus be broujrht into a situation a little above that at which 
it has an ascending branch of the screw on each side of it; it 
will then have a descending part on that side from which it was 
moved ; if detached it will consequently descend in that direc- 
tion, and will cease to move when it arrives in that part of the 
screw where it will have an ascending branch at each side of 
it Now suppose the ball not to be attached to the tube, but 
mereW to lie in it, the motion which we have here supposed to 
be effected at intervals, and to be interrupted by the ball being 
occasionally attached to the tube so as to prevent it moving, 
wUl, in fact, take place continuously, and the ball will be car- 
ried ^p the inclined plane, not by distinct efforts separated by 
intervals, but bv one uninterrupted and continuous motion. 

AH that has been said of a ball in the tube would be eqaa% 
true, if a drop or any quantity of a liquid were contained in thh 
tube mstead of the ball. Therefore, if the extremity of the 
•crew were immersed in a weU or reservoir of water, so that 
the water would by its wei^t or pressure be continually fenced 
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into the extremity of the tube, it would, by turning the tube, 
be gradually earned along the spiral to any height to which it 
may extend. 

From the explanation fipven above it is clear, that it is essen- 
tial to the performance of this machine that the elevation of the 
spiral above the horizontal position should not exceed a certain 
lunit In fact, in each spire of the tube a certain point must 
be found, on either side of which the tube ascends. Now it is 
apparent that the tube may be so elevated in its position, that 
the part of the tube which proceeds towards the lower extremi- 
ty of the screw will descend in every part of the tube : this 
will be quite evident if the screw be supposed first to be placed 
in a perfectly upright position. Under such circumstances it 
is obvious, that if Uie ball were placed any where in the tube 
it woiQd fUl down to the lowest point ; a slight inclination firom 
the vertical position will not prevent this from happening ; but 
if the screw receive such an inclination, that in each spire a 
point will be found so placed that the part proceeding towards 
the lower extremity shall ascend, then the ball placed at such 
a point will remain at rest ; and, if the screw be turned, will as- 
cend, as already explained. 

In practice, the spiral channel through which the water is 
carried is not in the form of a tube. A section of the instru- 
ment, as used in nractice, is represented in Jig. 80. 

Fig.W. 




The screw possesses an advantage over common pumpe in 
being capable of raising water which is not pure, being mixed 
with gravel, weeds, or sand. The screw may be kept in a state 
of revolution by any of the usual moving powers. Dr. Brewster 
mentions that an excellent engine of this description was 
erected, in 1816, at Hurlet alum works, upon the water of Lev- 
em near Paisley. This engine was moved by a water wheel, 
which communicated by a long shaft with the screw ; a beveled 
wheel was constructed on the screw, which worked m another 
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beveled iHieel OD the eztremitj of thediaft; uodier beveled 
iriieel CO the axle of the water-wheel, woiked in a coneepoiBd- 
in^ wheel on the other extremity of the ahafL The screw was 
thus kept in conetant rerolation by the ftD of water which n 
plied the reeenroiry from whiNice the same water was to 
raised by the screw itsel£ 

7%t Sbiiee Gcwarmor^ 

(119.) In explaining the operation of water idieeb, it was 
shown that there was a certain yelocity at which the naefbl ef- 
fect resulting from than is a maTimnm. Any deviation from 
this rate of motion, whether by increase or decrease, must be 
attended by a ccnrresponding loss of power: but, since the water 
in the mill-coarse most, frcoi obvioos natnral canses, be subject 
to considerable fluctnations in its quantity and force, the veloci- 
ty wMch it would communicate to the wheel would undeno 
proportionate vaiiations. It is, therefore, necessary to provide 
some means of controlling the quantity of water, and measuring 
out the power so as to maintain a steady velocity in the wheel. 

Independently of the fluctuating energy of the power, changes 
of velocity are liable to be produced by occasional chan^ in 
the amount oi the load or resistance. Thus, in a com mill, if 
a'greater or less number ctf pairs of stones are in action at one 
time than at another, a proportionately increased or diminished 
supply of the moving power will be necessary to give the wheel 
the same velocity. 

The necessity of regulating the motion of the wheel does 
not, however, alone arise from the advantage of causing the 
moving power to produce the greatest possible effect. The 
nature of the work to be performed ia almost in every case such 
as requires the machinery to be moved with a certain velocity. 
Thus, in a com mill, if the speed surpass a certain limit, the 
flour becomes heated and injured. Spinmng and weaving ma- 
chinery, in like manner, requires to be conducted at a certain 
rate, any irregularity in which must injure or destroy the fabric 
of the manufacture. 

For all these reasons, the power, whatever it be, which gives 
motion to machines or factories, must be so regulated, as, under 
every change of circumstances, to produce a uniform mction ; 
and the same contrivance, usuudly called a governor j has been 
found to be applicable to moving powers, dmering very much 
in their nature, such as water, steam, &.c. This instrument 
has already been described in the treatise on Mechanics in 
this Cyclopdnia,* in its application to the steam-engine. It may 

* Cab. Cyc. Mechanies, chap. zvi. 
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not be uninteresting here, however, to explain its application 
in reculatinff the motion of a water wheel. 

D D, ^.81^ is a shaft to which a grooved wheel W b at- 
tached ; round this wheel a rope is carried, which is moved bj 
a corresponding wheel placed on some shaft in the machinerj 

F(g.9h 




moved by th e water wheel. B B are two heavy balls attached 
tc» rods B E 1 ?, whichplay upon a joint at E. These are cbn- 
ni jcted by jo ints at F, with other rods F H, which are iointed 
u]3on a ring' at H, which slides up and down the shaft D D. 
T his ring is connected with the end, I, of a lever, whose ful- 
crum is at ( ^9 and which has at the other extremity a ring or 
fork. A, whic *'b embraces the axis of a double clutch, Q, in such 
« manner as to allow this axis to turn freely within it. This 
cliitch Q is itself placed upon a shaft or axis, on which it is 
callable of all ding freely up or down, but on which it cannot 
turn without c ausing the shaft to revolve with it The effect 
'Of the arranger ^ent here described is evident 

If the bal£ B B be raised from the axis and drawn, as it were, 
asunder, the rod * turning on the pivot C will cause the extremi- 
ties F also to s eparate, and increase their distance from the 
axis. This will draw the rods F H in the same direction, and 
cause the ring 1. ^ to descend, drawing the extremity I of the 
lever with it Th « other extremity A will thus be raised. If, 
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on the other hand, the balls B B be brought nearer the axis, 
the contrary effects will be produced, the extremity I being 
raised, and the extremity A lowered. In the one case the fork 
A will raise the clujxsh, and in the other will lower it, causing 
it to slide along the shaft L L. On this shaft are placed two 




beveled wheels O P which move loosely upon it, tuminj^ ind^ 
pendent of llie shaft. A third beveled wheel R works in both 
of these, turning them in opposite directions. This wheel re- 
ceives its motion from the shaft D D, with which it is connected 
by other wheels not represented in the figure. Under the cii- 
cumstances here explained, the shaft L L is at rest, having the 
beveled wheels O P turning freely on it in opposite directiona, 
. and the mAdfinery is supposed to be moving with the proper 
\. velocity. ^, 
y Now suppQs^ this velocity from any cause to undergo a sud- 
*den increase. By reason of the increased centrifugal force 
arisinff from the whirling motion, the balls li B will recede 
from me shaft D D, and, as already explained, will cause the 
clutch Q, to rise towards the beveled wheel P. This clutch 
bears four projecting pieces on the face presemted towards the 
beveled wheel, which are pressed by the CAd A of the lever 
into corresponding cavities in that wheel. When this takes 
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place, the dutch if eompeUed to rerolTC with the whedl, end 
the aada rerolyes with the clutch. 

Again, let it be supposed that the Telocity of the machiiMif 
becomes diminished, from sny cause. The centrifbgal force 
produced by the whirling motion of the balls B B bemg thus 
diminished, the balls wilfhave a less tendency to recede from 
the axis D D, and will therefore foil towards it: this, as already 
explained, wUl cause the extremity of the lever A to move down- 
wards on the shaft L L, and projecting pieces on the opposite 
face of the clutch Q, will fall mto cavities on the leveled 
wheel O, in the same manner as already described with respect 
to the beveled wheel P. The clutch Q, and the shaft LL, 
irill now be compelled to revolve with the wheel O, in a direc- 
tion opposite to that in which it revolved, in the former case. 
It will therefore be perceived that any deviation in the veloci^ 
of the machinery from that veloci^ which, from its nature, it 
ought to have, will cause the shaft L L to turn in the one di- 
rection or in the other, accordinjr as the motion is increased or 
slackened. This shaft commumcates by means of an endless 
screw, with a rack or toothed arch, which works a sluice gate, 
as represented in the figure ; and when the shaft is turned in 
one direction, it closes the ffate so as to diminish the supply of 
water, and when it is turned in the opposite direction, it opens 
the gate so as to increase its supply. Thus, when Uie machine- 
ry receives an uadfte increase of speed, the sluice-gate is 
closed, and the supply of power diminished, ai&d the velocity 
checked ; when the motion is reduced to its proper rate, the 
balls BB fall to their proper distance from the axis, and disen- 
gage the dutch from the heveled wheels, and all further action 
upon the sluice-gate is stopped. When the machinery receives 
an undue diminution in its rate of motion, the same effect is 
produced by the other beveled wheel opening the flood-gate. 
When the proper rate of motion is restored, the balls B B rise 
to Iheir first position and disengage the clutch. 

Thus the machinery is constantly caused to move at a uni- 
form rate, and the ffovemor is adjusted in the first instance so 
that the dutch shall be disengaged from both beveled wheels 
when Uie machinery is moving at the proper rate. 

The Chain Pun^. 

(120.) The chain pump is a contrivance for lifUng water in a 
cylinder by having a movable bottom fitting water-tight in it, 
ivhich can be moved to the top, driving all the contents of the 
cylinder before it In Jig. 82. A B is a cylinder, the lower part 
of which is immersed in a well or reservoir, and the upper part 
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enters the bottom of a cistern into which the water is to be 
raised. An endless chain is carried ronnd the wheel at the top, 
and is furnished at equal distances with pistons or movable 
bottoms, which fit water-tight in the cylinder. As these sue- 

Fig. 88. 




cessively enter the cylinder, they cany the water up before 
them, which is discharged into the cistern at the mouth of the 
cylinder above. The moving power is usually applied by a 
winch or otherwise to the wheel. The cvlinder may be placed 
in an inclined position, in which it works to more advantage 
than when vertical. The effect is greatest whea the distance 
between the oistons is equal to their diameters. ^ 
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^rOBM or BOOIIS.— HOW ArrXCTXD BT HKAT.^A1BIF0BK tTATX^— 
ILASTICITT.*— DITISIOV OV MKCHAITICAL SCIKVCl.— «0KPRX8tIBILI- 
TT AVD IVCOIfPBBStlBlLITT.— PXKlfAirXirTLT XI^fTIO FLU IDS.— 
▼APOB.— STXAM .— ATMOSPBXBIC AIB. 

(121.) Thx effects which the presence of heat piodnces <m 
the physical state of a body have been noticed in the first chq»- 
ter of our treatise on Hydrostatics. The opposite principles of 
cohesion and repulsion axe made to change their relation by the 
variation which the latter undergoes on Uie increase or diminu- 
tion of the heat contained in ue body. The liquid state in 
which bodies are contemplated in hydrostatics is one in which 
these anta^ronist principles are mamtained in equilibrium, or 
nearly so. In the department of physics, which we are now 
about to investigate and explain, bodies are contemplated in 
that state which results from the predominant influence of the 
repulsive principle. The constituent particles of the body 
under consideration repel each other so actively, that tiiey fly 
asunder and separate, so that the whole mass will dilate itself 
to any extent, unless its expansion be limited b^ the operation 
of adequate forces, confining it within certain dmiensions. 

The most obvious and familiar example of the phvsical state 
here referred to, is that of atmospheric air. Let A B, Jig, 1., 
be a cylinder in which a piston P moves air-tight, and let us 
suppose that a small portion, asacubic inch, of atmospheric air, 
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J^. 1. in its common state, be contained between the 
piston and the bottom of the cylinder : suppose 
the piston now drawn upwards, as in Jig, 2., so 
as to increase the space below it to two cubic 
' inches. The air will not continue to fill one 
cubic inch, leaving the other cubic inch unoc- 
cupied, as would be the case if a solid or liquid 
had been beneath the piston in the first in 
stance ; but it will expand or dilate until it 
spread itself through every part of the two cubic 
inches, so that every part, however small of this 
space, will be found occupied by air. Again, 
suppose the piston further elevated, so that the 
space below it shall amount to three cubic 
inches; the air will still further expand, and 
will spread itself through every part of the in- 
-® creased space ; and the same effect would con- 
tinue to be produced, to whatever extent the 
space might be increased through which the air is at liberty to 
circulate. 

This quality of expanding, as the surround- 
ing limits are enlarged, has caused air, and 
every body existing in that state which gives it 
the like property, to be called an elastic fluid ; 
and, in contradistinction to this, liquids whose 
particles do not repel each other, so as to produce 
the same effect, are called inelastic fluids. 
I Thus the mechanical theory of inelastic fluids 
forms the subject of Hydrostatics, and that 
of elastic fluids the subject of Pneumatics. 
As water, the most common of liquids, is taken 
as the type or example of all others, the name 
Hydrostatics is taken from two Greek words, 
signiQring water and equilibrium. In like man- 
P ner, air beinof selected as the most familiar 
example of all elastic fluids, the name Pneuma- 
tics is borrowed from a Greek word signifying 
air, or breath, 
(122.) The qualities depending on the aeri- 
- B form state cannot properly be taken as the basis 
of the classification of tiie species of bodies, 
because, by the agency of heat, all bodies may be reduced to 
this state ; and although in every instance the question has not 
been brought to the actual test of experiment, yet there are the 
strongest analogies in support of the conclusion, that all aeriform 
bodies, including the atmosphere itself, are capable of being 
reduced to the liquid, and even to the solid form. We are. 
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therefore, to regard the properties investigated in the thre« 
branches of physical science respecting solids, liquids, and 
gases, not as peculiar properties of distinct species of bodies, 
but as qualities which will appertain to all bodies whatsoever, 
according as they are affected by certain external afi^encies. 

Water affords a convenient example of the truu of these 
observations. In the state of ice, its properties come under the 
dominion of mechanics,* commonly so called. When exposed 
to temperatures which no longer permit its existence in the 
solid state, it loses some of those properties, and acquires others, 
which hand it over to the sway of Hydrostatics. A further 
increase of temperature will cause it to pass into the state of 
vapor or steam, and impart to it thos«^m»Lities which appropri- 
ate its investigation to Pneumatics, ^y^ 
yC, Since, by imparting heat continually to a body, it is made to 
pass successively from the solid to the liquid, and from the 
liquid to the gaseous state, and by continually abstracting heat 
it may be transferred in the contrary direction from the gaseous 
to the liquid, and from the liquid to the solid state, it might, 
perhaps, be inferred that all bodies in the solid state must be 
colder than those in the liquid, and all liquids colder than bodies 
in the gaseous state. Such an inference, however, may be 
proved to be unfounded in two ways. 

1. Bodies of different kinds pass from the one to the other of 
these states at different temperatures ; thus, to cause water to 
pass from the liquid to the solid state, it is necessary to reduce 
its temperature to 32® of the common thermometer ; but if we 
woiiH reduce quicksilver from the liquid to the solid state, a 
much more diminished temperature must be produced. Thus 
it may be perceived that water in the solid state may be at a 
much higher temperature than mercury in the liquid state. 
Again, to cause water to pass from the liquid to the gaseous 
state, it is necessary, under ordinary circumstances, to raise its 
temperature to 212® of the common thermometer. Now to 
cause mercury to pass from the liquid to the gaseous state 
would require its temperature to be raised to above 650^. 
Hence it appears that water in the aeriform state ma^ have a 
much lower degree of heat than mercury in the liquid state ; 
but, 

2. The error that we have just noticed arises partly from the 
supposition that all the heat which a body contains is in a state 
to affect the senses or the thermometer. In other words, it is 

* In the correct application of th« term, Mxchaitici inclndea the doctrioea of 
equilibrium and motion of bodies in all the three states of solid, liquid, and gas ; 
but its more popular and vulgar application is confined to the equilibrium and mo- 
tion of solids. A distinct appellation is wanted for the latter branch of the scieuce. 
The title Stbrsostatics has been suggfested 
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iOppofled that so lofigr as a body continues to receive heat from 
firo applied to it, or from any other source, so long it^ tempera- 
ture will increase, and the body will become hotter. That this 
supposition is erroneous is easily proved. Let a quantity of 
ice at the temperature of 32® be placed in a vessel containing 
six times its quantity of water at the boiling heat. The water 
will immediately begin to lose its heat by imparting it to the 
ice ; but, meanwhile, the temperature of the ice will not be 
increased. After the lapse of a sufficient time, the whole of 
the ice will be liquefied and intermixed with the water ; and 
it will be found tnat the entire contents of the vessel in the 
liquid state have the temperature of only 32°. Now here it is 
obvious that the water originally contained in the vessel has 
lost so much of its heat as to be reduced to the temperature of 
the ice. But, on the other hand, the ice has not shown an in- 
creased effect on the thermometer or on the senses, notwith- 
standing the lar^e quantity of heat which it has most certainly 
imbibeo. The developement of the theory, founded upon this 
remarkable fact, does not belong to the department of physics 
with which we are at present engaged ; but the mere statement 
of the fact is sufficient to prove that we are not to infer, that 
because steam, and the water from which it has been raised, 
produce the same effect on the thermometer or the senses, they 
therefore contain the same quantity of heat, and that the fact 
of one body being hotter or colder than anotiier does not justify 
the inference that the one contains more or less heat than the 
other. 

(1^.} As an elastic fluid has the property of dilating itself 
when tne limits of the space within wluch it is confinea are 
enlarged, it is also characterized and distinguished from solids 
and liquids by its power of yielding to any force exceeding tiie 
energy with which its particles repel each other, and tending 
to contract the limits of the space within which it is enclosed.* 
This quality is called compresstfnlUy ; and although under ex- 
treme circumstances it is proved by experiment to exist in a 
slight degree in liquids, and, probably, is a quality in which all 

* Solid! and liqnidt appear to differ from aeriform fluids, in the vastenei^ witk 
which the particles of a solid or liquid repel each other when made to approxinutta 
by extomal pressure. Consequently the application of any external force pn>- 
dnees but a slight compression, and the effect of a moderate compreesing force is 
imeDiihle. On the oUier hana» when the particle* are at that distance at which 



liquids firom aeriform fluids. Hence the mere removal of a compressing force oo- 
easions no dilatation of the two former beyond a certain bulk, it is highly prob** 
ble, that solids differ from liquids in possessing a certein arrangement of their 
constituent iMtftSi which is identical with crystallization in some oases, and uialo- 
fotts to it in all others, though in a greater or less degree in different lolide.— 
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bodies in some degree puticipate ; yet it belongs so conspicu« 
ouriy to bodies in the gaseous form, that they are frequently 
denominated compreMsibleJhdds, in contradistinction to liquids, 
which are often called incompressible Jluida, Upon the applica- 
tion of great force, liquids are found to yield in a very small 
decree in their dimensions ; this effect, however, is so slight, 
and produced under such extreme circumstances, that it is 
found that a mechanical theory of liquids, proceeding upon 
their assumed incompressibility, gives results which have no 
variation from the actual phenomena of any practical impor- 
tance. Such, however, is not the case with elastic fluids ; they 
yield upon the application of inconsiderable pressure ; and they 
allow their dimensions to be contracted in all cases to a very 
great extent, and in many without any practical limit The 
consequences and laws of compressibihty and expansibility, as 
they are found to exist in elastic fluids, will be more fully no- 
ticed hereafler. 

(124.) Of the various elastic fluids which are observed in 
nature, some have never been found in the liquid form ; and 
many of these have never been by any process of art reduced 
to that form ; such, for example, is atmospheric air: bodies of 
this kind are called permanently elastic fluids. By these words, 
however, the impossibility of their reduction to the liquid state 
is not intended to be assumed ; it is only intended to express 
the fact, that such reduction has not been made. The name 
" gases" is also commonly applied to bodies of this class. When 
bodies more commonly exist in the liquid state, but by natural 
heat and other causes sometimes receive the elastic form, the 
elastic fluid is called vapor :* thus, for example, when heat is 
applied to quicksilver, the elastic fluid which is produced is 
called the vapor of quicksilver, and the process is called 
vaporization. The lighter liquids, such as ether, are converted 
into vapor by the common temperature of the atmosphere ; tho 
vapor of water is called steam. This term steam^ however, is 
sometimes, though not with such strict propriety, used synony- 
mously with the word vapor. 

(125.) Those mechamcal properties of elastic fluids which 
have generally been assigned to pneumatics are the qualities 
which are found in atmospheric air ; many of these qualities 
extend without modification to all elastic fluids whatsoever; 
but there are some of Uiem which, especially when applied to 

* Any aeriform fluid must be considored either oa a gas or a vapor. Now, as 
most of those aeriform fluids which havn been hitherto considered as gases, have 



been actually reduced to tho liauid state by great pressure and intense cold, and 
even by pressure alone, and as those aro excluded from tho class of vapors bj^.oui 
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author's deflnitioo, it would probably be bettor to define gases to bo, those aeri- 
form fluids which have never been reduced to the liquid <state under mere atmoe 
pheric pressure at any natural temperature.— Am. Ed. 
15*^ 
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Vapor, require to be restricted and modified hj y&rions ciTcam- 
stances which belong rather to the theory of neat than to the 
subject of the present treatise. There are also many circum- 
stances to be attended to in explaining the properties of Tarioos 
ffases, which belong to those departments of physics in which 
Sie production and constitution of these gases are explained. 
The province of piteumatics may, therefore, be considered as 
chiefly and immediately confined to the investigation of the 
mechanical properties of the atmosphere ; it being at the same 
timo understood Uiat the various theorems which shall be es- 
tablished are to be carried into other departments of physics, 
there to underj|ro such restrictions and mc^cations as will ren- 
der them applicable to vapors and the various species of gases. 



CHAP. n. 

PAOPEBTIES OF ATMOSPHEBIC AIR. 

ATIC08PHXRIC AIR 18 MATERIAL. — ITS COLOR. — CAUSX OF THX BLOB 
8XY.— CAUSE OF THX OREBF SEA.— AIR HAS WXIOHT. — ^XXPERI- 
MXNTAL PROOFS. — AIR HAS IKERTIA. — EXAMPLES OF ITS RXSIST- 
AHCE.^IT ACQUIRES MOTING FORCE. — EXAMPLES OF ITS IMPACT. 
— AIR IS IMPENETRABLE. — EXPERIMENTAL PROOFS. 

(126.) The atmosphere is the thin transparent fluid which 
surrounds the earth to a considerable height above its surface, 
and which, in virtue of one of its constituent elements, sup- 
ports animal life by respiration, and is necessary also to the 
due exercise of the vegetable functions. This substance is 
generally, but erroneously, regarded as invisible. That it is 
not invisible may be proved by turning our view to the firma- 
ment : that, in the presence of light, appears a vault of an 
azure or blue color. This color belongs not to any thing which 
occupies the space in which the stars and other celestial objects 
are placed, but to the mass of air through which these bodies 
are seen. It may probably be asked. If the air be an azure- 
colored body, why is not that which immediately surrounds us 
perceived to have this azure color, in the same manner as a blue 
liquid contained in a bottle exhibits its proper hue ? The ques- 
tion is easily answered. 

There are certain bodies which reflect color so faintly, that 
when they exist in limited quantities, the portion of colored 
light which they transmit to the eye is insufficient to produce 
sensation, that is, to excite in the mind a perception of the color. 
Almost all semi-transparent bodies are examples of this. 
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Let a champagne glass be filled with sheny, or other wine of 
that color; at the thickest part, near the top of the glass, the 
wine will strongly exhibit its peculiar color, but as Uie glass 
tapers, and its thickness is diminished, this color will become 
more &int ; and at the lowest point, it will almost disappear, 
the liquid seeming nearly as transparent as water. 

Now let a glass tube, of very small bore, be cUpped in the 
same wine, and, the finger being applied to the upper end, let 
it be raised from the liquid ; the wine will remain suspended in 
the tube ; and if it be looked at through the tube it will be 
found to have all the appearance of water, and to be colorless. 
In this case there can be no doubt that the wine in the tube 
has actually the same color as the liquid of which it originally 
formed a part, but existing only in a small quantity, that color 
is transmitted to the eye so faintly as to be inefficient in pro- 
ducing perception. 

The water of the sea exhibits another remarkable example 
of this effect. If we look into the sea where the water has 
considerable depth, we find that its color is a peculiar shade of 
green ; but if we take up a ^lass of the water which thus ap- 
pears green, we shall find it perfectly limpid and colorless. 
The reason is, that the quantity contained in the glass refiects 
to the eye too small a quantity of the color to be perceivable ; 
while the great mass of water, viewed when we look into the 
I deep sea, wows up the color in such abundance as to produce 
nJ a strong and decided perception of it. *yC 
jK The atmosphere is in the same circumstances: tiie color 
I from even a considerable portion of it is too faint to be percep- 
tible. Hence the air which fills an apartment, or which im- 
mediately surrounds us when abroad, appears colorless and 
perfectly transparent. But when we behold the immense mass 
of atmosphere through which we view the firmament, the color 
is reflected with sufficient force to produce distinct perception. 
But it is not necessary for this that so great an extent of air 
should be exhibited to us as that which lorms the whole depth 
or thickness of the atmosphere. Distant mountains appear 
blue, not because that is their color, but because it is the color 
of the medium through which they are seen. 

Although the preceding observations belong mwe properly 
to optics than to our present subject ; yet still, since the ex- 
hibition of color is one of the manifestations of the presence of 
body, they may not be Considered as foreign to an investiga- 
tion of the mechanical properties of atmospheric air. The mind 
unaccustomed to physical inquiries finds it difficult to admit 
that a tJung so light, attenuated, impalpable, and t pparently 
spiritual, should be composed of parts whose leading )roperties 
are identical with those of the most solid and adamantine masses 
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The knowledge yiat we see the air must at least prepare 
the mind for the admission of the truth of the proposition that 
air is a body. 

(127.) Among the properties wliich are observed to appertain 
to matter, and which, as far as we know, are inseparable from 
it, in whatever form, and under whatever circumstances it ex- 
ists, weight and inertia hold a conspicuous place. To be con- 
vinced, tiierefore, that air is material, we ought to ascertain 
whether it possesses these properties. In the subsequent parts 
of the present treatise, we shall have numerous proofs of this ; 
but it will at present be convenient to demonstrate it in such a 
manner that we shall be warranted in assuming it, in some of 
the explanations which we shall have to ofier. 

(128.) The most direct proof that air has weight is the fact, 
that if a quantity of it be suspended from one arm of a balance, 
it will require an absolute weight to counterpoise it in the op- 
posite scale. By the aid of certain pneumatical engines, the 
nature of which will be explained hereafter, but the operation 
and effects of which will for the present be assumed, this may 
be experimentally established. 

Let a vessel, containing about two quarts, be formed of thin 
copper, with a narrow neck, in which is placed a stopcock, by 
turning which, the vessel may be opened or closed at pleasure. 
Let two instruments be provided called syringes, one the ex- 
hausting syringe, and the other the condensing syringe. The 
nature of these instruments will be hereafler explained. Let 
the exhausting syringe be screwed upon the neck of the vessel, 
and let the stopcock be opened, so that the interior of the ves- 
sel shall have free communication with the bottom of the 
syringe ; if the syringe be now worked, a large portion of the 
air contained in the vessel may be withdrawn from it. When 
this has been done, let the stopcock be closed to prevent the 
admission of air, and let the vessel be detached from the syr- 
inge. Let it then be placed in the dish of a well constructed 
bfiJance, and accurately counterpoised by weights in the oppo- 
site scale. The weight which is thus counterpoised is that of 
the vessel, and the small portion of air which remains in it, if 
the latter have any weight. Let tlie stopcock be now opened, 
and the external air will be immediately heard rushing into the 
vessel. When a small quantity has been thus admitted, let the 
stopcock be again closed. It will be found that the copper 
vessel is now heavier, in a small degree, than it was before the 
air was admitted, for the arm of the balance from which it is 
suspended will be observed to preponderate. Let such addi- 
tional weights be placed in the opposite scale as will restore 
equilibrium. The stopcock being now once more opened, the 
air will be observed to rush in as before, and will continue to 
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do 80 until as much has passed into the vessel as it contained 
before the exhausting synnge was applied. The weight of the 
vessel will now be observed to be further increased, the end of 
the beam from which it is suspended preponderating. 

These facts are perhaps sufficient proofii that air has 
weight : but the experiment mav be carried further. Let the 
condensing syringe be now attached to the neck of the vessel, 
and let the stopcock in the neck be opened so as to leave a free 
communication between the vessel and the bottom of the syr- 
inge. The construction of this instrument, which will be ex- 
plained hereafter, is such, that by working it, an increased 
quantity of sir may be forced into the vessel to any extent 
which tiie strength of the vessel is capable of bearing. A con- 
siderably increased quantity of air being thus deposited in the 
vessel, let the stopcock be closed so as to prevent its escape. 
The vessel, being detached from the svringe, is restored to ue 
dish of the balance ; the weights which counteipobed it before 
the increased quantity of air was forced in still remaining un- 
changed in the opposite scale. The vessel will now no longer 
remam counterpoised, but will preponderate, and will requure 
an increased weight in the opposite scale to restore it to equi- 
librium. 

In this experiment we see that every increase which is given 
to the quantity of ur contained in a vessel produces a corres- 
ponding increase in its weight, and that every diminution of 
the quantity of air it contains produces a corresponding diminu- 
tion in its weight Hence we infer, that the air which is in- 
troduced into or withdrawn from the vessel has weight, and that 
it is by the amount of its weight that the weight of the vessel is 
increased or diminished. 

We shall hereafter have many other instances of the gravita- 
tion of atmospheric air ; but we shall, for the present, assume 
the principle that air has weight, founded on the experimental 
proofjustgiven. 

(129.) That air in common with all other bodies possesses the 
quality of inertia, numerous familiar effects make manifest. 
Among the effects which betray this quality in solid bodies, is 
the fact that, when one solid body puts another in motion, the 
former loses as much force as the latter receives. This loss of 
force b called resistance, and is attributed to the quality of 
inertia, or inability in either the striking or struck body to call 
into existence more force in a given direction than previously 
existed. When the atmosphere is calm and free from wind, the 
particles of air maintain their position, and are in a state of rest. 
If a solid body, presenting a broad surface, be moved through 
the air in this state, it must, as it moves, drive before it and put 
in motion those parts of the air which lie in the space through 
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which it passes. Now if the air had no inertia, it would require 
no force to impart this motion to them, and to drive them before 
the moving^ solid ; and as no force would in that case be im- 
parted to the air, so no force would be lost by the solid : in 
other words, the solid would suffer no resistance to its motion. 

But every one's experience proves this not to be the case. 
Open an umbrella, and attempt to carry it along swiftly with 
its concave side presented forwards ; it will immediately be 
felt to he opposed by a very considerable resistance, and to re- 
quire a great force to draw it along. Yet this force is nothing 
more than what is necessary to push the air before the um- 
brella. 

On the deck of a steam-boat, propelled with any considera- 
ble speed, we feel on the calmest day a breeze directed firom 
the stem to the stem. This arises from the sensation produced 
by our body displacing the air as we are carried through it. 

It is the inertia of the atmosphere which gives effect to the 
wings of birds. Were it possible for a bird to live without 
respiration, and in a space void of air, it would no longer have 
the power of flight. The plumage of the wings being spread, 
and acting with a broad surface on the atmosphere beneath 
them, is resisted by the inertia of the atmosphere, so that the 
air forms a fulcrum, as it were, on which the bird rises by the 
leverage of its wings. 

As a body at rest manifests its inertia by the resistance which 
it offers when put in motion, so a body in motion exhibits the 
same quality by the force with which it strikes a body at rest 
We have seen examples of the resistance which the atmosphere 
at rest offers to a body in motion ; but the force with which the 
atmosphere in motion acts upon a body at rest is exhibited by 
examples far more numerous and striking. Wind is nothing 
more than moving air, and its force, like that of every other 
body, depends on the quantity moved and the speed of tie mo- 
tion. Every example, therefore, of the effects of the power of 
wind is an example of the inertia of atmospheric air. In a 
windmill, the moving force of all the heavy parts of the ma- 
chinery is derived fl*om the moving force of the wind acting 
upon the sails, and the resistance of the work to which the i^ 
is applied is overcome by the same power. A ship is propelled 
through the deep, and the deep itself is agitated and raised in 
waves, by the inertia of the atmosphere in motion. As the ve- 
locity increases, the force becomes more irresistible ; and we 
find buildings totter, trees torn from the roots, and even the 
solid earth itself yield before the force of the hurricane. 

(130.) Since air may be seen and felt, since it has color and 
weight, and since it opposes resistance when acted upon, and 
strikes with a force proportionate to the speed of its motion, 
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we can scarcely hesitate to admit that it has qualities which 
entitle it to he classed among material substances : but one 
other quality still remains to be noticed, which, perhaps, decides 
its title to materiality more unanswerably than any of the oth- 
ers. Air is impenetrable ; it enjoys that peculiar property of 
matter, by which it refuses admission to any other boay to the 
space it occupies, until it quit that space. This property air 
possesses as positively as adamant The difficulty which is 
commonly felt in conceiving the impenetrability of substances 
of this nature, arises partly from confounding* the quality of im- 
penetrability with that of hardness, and partly from not attend- 
ing to the fact that, when a body moves through the air, it 
drives the air before it in the same manner as a vessel moving 
through the water propels that fluid. 

Let a bladder be filled with air, and tied at the mouth ; we 
shall then be able to feel the air it contains as distinctly as if 
the bladder were filled with a solid body. We shall find it im- 
possible, so long as the air is preve4ted from escaping, to press 
the sides of the bladder together; and if the blaader be sub- 
mitted to such severe pressure as may be produced by mechan- 
ical means, it will burst before the air will allow it to collapse. 

That air will not allow the entrance of another body into the 
space where it is present, may also be proved by the following 
experiment. 

Let A B, fg, 3., be a glass vessel open at the end A, and 
having a short tube firom 9ie bottom, furnished with a stopcock 
C. Let D E, fig. 4., be another glass vessel containing water. 



Fig. 8. 



Fig. 4. 



Fig. 6. 






On the surface of this water let a small piece of cork F float 
Let the vessel A B, having the stopcock C closed, be now in- 
verted ; let its mouth A be placed over the cork F, and let it 
thus be pressed to any depth in the reservoir D E. If the air 
in A B were capable of permitting the entrance of another body 
into the space in which it is present, the water in the reservoir 
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D B would now enter at the mouth of the vessel A, and rising 
in it would stand at the same level within the vessel A B as 
that which it has without it But this is not found to be the 
case. When the vessel A B is pressed into the reservoir, the 
surface of the water within A B will be observed sdll near the 
mouth A, as will be indicated by the position of the cork which 
floats upon it, and as is represented in^. 5. It appears, 
therefore, manifestly, that, whatever be the cause, the water is 
excluded from the vessel A B. That this cause is the presence 
of the air included in the vessel is proved by opening the stop- 
cock C, and allowing the air to escape. By the established 
principles of hydrostatics, the surface of the water within the 
vessel A B exerts an upward pressure proportionate to the 
depth of that surface below the surface of the water exterior to 
the vessel A B. This pressure, acting upon the air enclosed in 
the vessel A B, forces it out the moment the stopcock C is 
opened, and immediately the surface of the water within A B 
rises to the level of the surface without it. 

We have stated that the surface of the water within A B re- 
mains neaH^f at the mouth of that vessel when it is plunj|red ia 
the reservbu'. It wotJd remain exactly at the mouth, if air were 
incompressible ; but, on the contrary, this fluid is highly com- 
pressible, allowing itself to be forced into reduced dimensions 
by the application of adequate mechanical force. It is neces- 
sary, however, not to confound compressibility with penetrabil- 
ity. So far from these qualities being identical, the one 
implies the absence of the other. A body is compressible 
when the forcible intrusion of another body into the space with- 
in which it is confined causes its particles to retreat, and to 
accommodate their arrangement to the more limited space 
witliin which they are compelled to exist The very fact of 
their thus retreating before the intruding body is a distinct 
manifestation of their impenetrability. If they were penetrar 
ble, the body would enter the space in which ibey were confined, 
without driving them befoc^ it or otherwise disturbing their 
arrangement vj 
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CHAP. in. 

ELASTICITT OF AUL 

XLASTIC AVD COMPRESSINO FORCES EQUAL.— LIMITSD HEIGHT OV 
THE ATMOSPHERE. — ELASTICITT PROPORTIONAL TO THE DEVSITT. 
— SXPSRIMS9TAL PROOFS.— IHTERHAL AMD BITBR9AL PRESSURE 
OF CLOSE VESSELS COHTAIHllTO AIR. 

(131.) The elasticity and compreasibility of air have been 
already noticed. In the present chapter we propose to exam- 
ine and explain these qualities in more detaiL 

It will be evident, upon the slightest reflection, that the elas- 
ticity of air must be equal to the force which is necessary 
to confine it within the space it occupies. Let us suppose that 
A B, fig. 6.9 is a cylinder, having a piston P fitting air-tight at 

Fig. 6. 




the top ; and let us imagine that this piston P is not acted upon 
by any external force, havin^f a tendency to keep it in its place. 
If the cylinder below the piston be filled with air, this air will 
have a tendency, by virtue of its elasticity, to expand into a 
wider space ; and tiiis tendency will be manifestea by a pres- 
sure exerted by the air on all parts of the surfaces which con- 
fine it The piston P will, therefore, be subject to a force 
tending to dismace it and drive it firom the cylinder, the amount 
of which will be the measure of the elasticity of the air beneath 
it Now, if this piston be not subject to the action of a force 
dieted inwards, exactly equal in amount to the pressure thus 
excited by the elastic force of the air, it cannot maintain its po- 
sition. If it be subject to an inward force of less amount than 
the elastic pressure, then the latter will prevail, and the piston 
be forced out. If it be subject to an inward force greater in 
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amount than the elastic pressure, then the former will orevaily 
and the piston will be forced in, the air being compelled to re- 
treat within a more confined space. In no case, therefore, can 
the piston maintain its position, except when it is subiect to an 
inward pressure exactly equal to the elastic force of the air en- 
closed in the cylinder. 

The property of elasticity renders it necessary that, in what^ 
ever state air exist, it shall be restrained by adequate forces of 
some definite amount, and which serve as antagonist principles 
to the unlimited power of dilatation which the elastic property 
implies. In all cases which fall under common observation, 
air is either restrained by the resistance of solid surfaces, or it 
is pressed by the incumbent weight of the mass of atmosphere 
placed above it It may be asked, however, whether it will not 
follow from this, that the extent of our atmosphere is infinite ? 
for that, as we ascend in it, the weight of the superior mass of 
air must be gradually and unceajsingly lessened ; and, therefore, 
the force wluch resists the expansive principle being removed 
by degrees, the fluid will spread through dimensions which are 
subject to no limitation. Although it is undoubtedly true that 
these considerations lead us justly to conclude that our atmos- 
phere extends to a very jreat distance from the surface, and 
that the higher strata of it are attenuated to a degree which 
not only exceeds the powers of art to imitate, but even out- 
strips the powers of imagination to conceive ; yet still the un- 
derstanding can suggest a definite limit to this expansion. 
Numerous physical analogies* favor the conclusion, that the 
divisibilitv of matter has a limit, or that all material substances 
consist of ultimate constituent particles or atoms, which admit 
of no further subdivision, and on the mutual relations of which 
the form and properties of the various species of bodies depend. 

Now, those ultimate particles of the air are endued with a 
certain definite weight, because it is the aggregate of their 
weights which forms the weiffht of any mass ofair. It is a fact 
established by experiment, that in proportion as air expands, 
its elastic force is diminished ; and, therefore, if it continue to 
expand, it will at length attain a state of attenuation in which 
the disposition of its constituent particles to separate by their 
elasticity is so far diminished, as not to exceed the gravity of 
those constituent particles themselves. In this state the two 
forces will be in equilibrium, and the elastic force being neu- 
tralized, the particles will no longer be dilated. 

(132.) In these observations we have assumed a principle 
which is of the last importance in pneumatics, and wnich, ui- 
deed, may be regardea as forming the basis of this part of 

* C»b. Cyo. Ji«cbuios, chap. ii. 
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phjrsical science, in the tame manner as the power of transmit* 
tin^ pressure is the fundamental principle of hydrostatics. 
This latter principle, indeed, also extends to elastic fluids ; and 
all the consequences of the free transmission of pressure, which 
do not also involve the supposition of incompressibility. are ap- 
plicable to elastic fluids with as much truth as to liquids. But 
the principle to which we now more especially refer, and which 
may be looked upon as the chief characteristic of this form of 
body, and necessary to render definite the notion of their elas- 
ticity, may be announced as follows : — 

'< The elastic force of any given portion of air is augmented 
in exactly the same proportion as the space within which it is 
enclosed is diminished ; and its elastic force is diminished in 
exactly the same proportion as the space through which it is 
allowed to expand is augmented." 

To explain this, let A B C D, fig. 7., be conceived to be a 

Fig.l. 




cylinder, in which a piston A B moves air-tight and without 
friction ; and let us suppose the distance of the lower surftce 
A B of the piston from the bottom D C of the cylinder to be 12 
inches. Let air be imanned to be enclosed below the pis- 
ton, and let us suppose uiat the elastic force of this air is such 
as to press the piston with a force of 16 ounces. From what 
has been already stated (131.), it is clear that to maintain ^e 

Siston in its place, it is necessary that it should be pressed 
ownwards with an equivalent force of 16 ounoes. Isow let 
the force upon the piston be doubled, or let the piston be loaded 
with a pressure of 32 ounces. The inward pressure prevailing 
over tiie elasticity, the piston will immediately be forced to- 
wards D C, but will cease to move at a certain distance A D, 
fig, 8., from the bottom. Now, if this distance A D be meas- 
ured, it wiU be found to be exactly six inches. The air has, 
therefore, contracted itself into half its former dimensions. 
Since tiie piston is sustained in the position represented in 
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Jlg.^ kt ftllows that the eltsticitY of the air beneatii it k 
•quivalent to the weight of the piston A B ; and, therefbrt« 
mX the air included in the cylinder acqniree doable its originu 
elasticity when it is compressed into half its oif inal bulk. 

Fig. 9. 
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Let the piston be now loaded with three times its original 
weight, or 48 ounces ; it will be observed to descend into the 
cylinder, and further to compress the air, until its distance from 
the bottom is reduced to four inches. At that distance it will 
rest, being balanced by the increased elasticity of the air : tlus 
air is now compressed into one third of its original bulk, and it 

vhas three times its original elastic force, n/^ 

/ In the same manner, in whatever propmion the weight of 
the piston be augmented, in the same proportion will the dis- 
tance from the bottom at which it will rest in equilibrium be 
diminished ; and, consequently, the elastic force of the air is 
increased in the same proportion as the space into which it is 
compressed is diminished. 

Let us again suppose the piston to be loaded with sixteen 
ounces, and to be balanced, as in Jig. 7., by the resistance of 
the air at twelve inches from the bottom of the cylinder. But 
let us also suppose the cylinder continued upwards to a height 
exceeding 24 inches ; let the weight upon the piston be now 
reduced to eight ounces. Since the elasticity of the air be- 
neath ^e piston was capable of supporting sixteen ounces, it 
will now j>revail against the dimmished pressure of ei^t 
ounces. The piston will continue to rise in the cylinder until 
the elasticity of the air is so for diminished by expansion, that 
it is capable of supporting no more than eight ounces ; the pis- 
ton will then remain in equilibrium. If the height of die niston 

. above the bottom be now measured, it will be found to be 94 
inches, that is, double its former height; the air has, therefore, 
expanded to double its former dimensions, and is reduced to 
half its former elasticity. 
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In like majuier it may be shown, that, if the wei|fat upon the 
piston were reduced to four ounces, or a fourth of its oriffinal 
smount, the piston would rise to four times its original height, 
or 48 inches, before it would be capable of balancing the re- 
duced elasticity of the air. Thus, b^ expaqdinff to four times 
its primitive dimensions, the elasticity of the air is reduced to 
one fourth of its primitive amount 

By like experiments, it is easy to see how the general law 
may be established* In whatever proportion the weight of tiie 
piston may be increased or diminisned, in the same proportion 
exactly will the space filled by the air which balances it be di* 
minished or increased. 

(133.) The preceding illustration has been selected with a 
view rather to make the property itself intelligible, than as a 
practical experimental proof of it The use of pistons movable 
in cylinders is attended with inconvenience in cases of this 
kind, arising from the effects of friction, and the difficulties of 
making due allowance for them. There is, however, another 
method of bringing the law to the test of experiment, which is 
not less direct, and is more satisfactory. 

Let ABC PuAf • 9., be a glass tube curv 
ed at one end, B C, and having the short leg 
C D furnished with a stopcock at its extrem- 
ity : let the leg B A be more than 60 inches 
in length. The stopcock D being opened so 
as to allow a free communication with the 
air, and the mouth A of the longer leg being 
also open, let as much mercury be pourea 
into the tube as will fill the curved part B C, 
and rise to a small height in each leg. By 
the principles of hydrostatics, the surfaces 
of the mercuiy £ and F will stand at the 
same level. Let the stopcock D be now 
closed, the levels E F will still remain 
undisturbed. When the stopcock D was 
opened, the surface F sustained a pressure 
equal to the weight of a column of air con- 
tinued from F upwards as far as the atmos- 
phere extends. But the stopcock D being 
closed, the effect of the weight of all the 
air above that point is intercepted ; and, con- 
sequently, the surface F can sustain no 
pressure arising from weight, except the 
amount of the weight of the small quantity of air included be- 
tween F and D, which is altogether insignificant But the air 
thus included presses on the surface F by its elasticity ; and 
the amount of this pressure is «qual to the force which confined 
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tiie air within the space F D, before the stopcock was closed 
(131.) : but this force was the weight of the column of atmos- 
phere above D ; and hence it appears, that the elastic force of 
the air confined in the space D F is equal to the atmospheric 
pressure. 

Now the other surface E, the end A of the tube being open, 
is subiect to the atmospheric pressure. Thus the two surfaces, 
F and E, of the mercury, are each subject to a pressure arising 
fWnn a different quality of the atmosphere ; the- one, F, being 
pressed by its elasticity, and the other, E, being pressed by its 
weight These pressures being equal, the surfaces F and E 
contmue at the same level. 

The method of ascertaining, experimentally, the pressure 
arising from the weight of the atmosphere will be fully explain- 
ed hereafter; meanwhile, it is necessary for our present pur- 
pose to assume this pressure as known. Let us suppose, then, 
that the atmospheric pressure acting upcm the surface £ is the 
same as would be produced by a cmumn of mercury 90 inches 
in heif^ht resting on the surface E : the force with which the 
elasticity of the air confined in D F presses on the surface Fie 
therefore equal to the weight of a column of thirty inches of 
mnoury. The pressure of tlie atmosphere acting on the sor- 
fb«e E is transmitted by the mercury to the surftce F, and 
balances the elastic force just mentioned. 

Let the position of the surface F be marked 
upon the tube, and let mercury be poured 
into the longer leg at A. The increased 
pressure produced b]^ the weight of this mer- 
cury will be transmitted to the surface F, 
and will prevail over the elasticity of the 
confined air : this surface will therefore rise 
towards D, compressing the air into a smaller 
space, bet ^e mercury continue to be 
TOured in at A, until the surface F rise to 
P, Jig. 10., the middle point between the 
end D of the tube, and its first position 
F. The air included is thus compressed 
into half its former dimensions, and its 
elasticity will be measured by the amount 
of the force with which tiiie surface F' is 
pressed upwards against it : this force is the 
weight of the column of mercury in the leg 
\fr B A, above the level of F', togetifier with the 
wei^t of the atmosphere pressing on the top 
6 of the column. Let a horizontal line be 
drawn fVom the surfiuse F' to the leg B A, 
and let the column O H be measured *, its 
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IcBglfa will be ibimd to be •ccnntely 30 inchee, aad tit 
weiffht IB therefore equal to the atmospheric preamire. The 
fotee with which F' is pressed apwsrds is therefore eqiial to 
twice the atmospheric pressure, or to doable the force with 
which F, IB Jig. 9., was pressed upwards. Hence it w^ean» 
that the elasticity of the air confined in the space D P, /k. W^ 
is doable its former elasticity when filling the space D F, JIf. 
9l Thus, when the air is c<Hnpressed into half its vdame, its 
elasticity is doubled. 

In like manner, if mercury be poured into the tabe A, until 
the air included in the shorter leg is reduced to a third of its 
bulk, the compressing force will be found to be three times the 
atmospheric pressure, and so on. 

(134.) That the elasticity of the air which surrounds us is 
equal to the weight of the incumbent atmosphere, has been 
moved incidentally in the preceding experiment Indeed, this 
w a proposition, the truth of which must appear evident upon 
the slightest consideration, and which is manifested by innn* 
merable familiar efiects. If the elastic force of the air aroond 
us were less than the weiffht of the incumbent atmosphere, it 
would yield and suffer iteelf to be compressed until it acquired 
an elastic force equal to that weight If it were greater in 
amount than the weight of the incumbent atmosphere, it would 
overcome that weight, and would press the atmosphere upwards, 
untfl. by expanding, its elasticity were reduced to equality with 
the weight of the atmosphere ; and these effecto are continually 
going forward. The incumbent atmosphere is subject to con- 
tinue fluctuations, in weight, as will hereafter be proved ; and 
the lowest stratum of air which surrounds us is contmually 
undergoing corresponding contractions and expulsions, ever 
acconmioSting ite elasticity to the pressure which it sustains. 
Also this stratum of air is itself subject to changes of elasticity, 
from vicissitudes of temperature proceeding from the earth to 
which it is contiguous. These changes produce a necessity 
for expansion and contraction in it, even while tiie ^©i^'^^^f 
the incumbent atmosphere remains unchanged; but Uie fUl 
developement of this last consideration belongs to tiie theory of 
heat rather than to our present subject , .^ , ^ 

(135.) An open vessel, which is commonljr said to be empty^ 
ia, in fact fiUed witii air ; and when any sohd or liquid is place^ 
Sit so much of the air is expeUed as occupied die space lat^ 
which the solid or liquid entered. If such a vessel be clos%^ 
by a lid or stopper, the pressure of the eartemal atmosphere y^ii 
act upon every part of tiie exterior surface wiUi an mten||^ 
proportionate to its weight The air which is enclosed m\ ^^ 
vessel will, however, act on tiic interior smrftce witii an int^x 
«ty proportionate to its elasticity. According to what has b^.^ 
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Already explained, this elasticitjr la equal to the preaaure ; and, 
therefore, there ia a force tending to preaa the aidea of the vea« 
ael outwarda, exactly equal to the preaaure acting on the exte- 
rior aurface, and tending to preaa Uiem inwarda. Tbeae two 
forcea neutralize each other, and the veaael ia circumatanced 
exactly aa if neither of them acted upon it 

When the operation and propertiea of aome pneumaycal in« 
•trumenta have been explainecC we ahall have occ^onto ootiee 
many other effecta of the elaaticity of air. 

"AP. IV. 

WEIGHT OF AOU 

aillM OF TBS ANOIBNTS.— ABHORRENCE OF A ▼ACVVMj'— fVCTlOV^-^ 
OALILEO'S IVVESTIOATIOHS.— -TORRICELLI DISCOVERS THE ATMOS* 
FHEBIC PRESSURE.— >THE BAROMETER.— PASCAL'S EZPERIXSlfT.— 
REQUISITES FOR A GOOD BAROMETER.— MEANS OF SECURIITG THEM. 
— ^DIAGONAL BAROMETER. — WHEEL BAROMETER. — VERNIER.-— USES 
OF THE BAROMETER. — VARIATION OF ATMOSPHERIC PRESSURE. — 
WEATHER GLASS.— RULES IN COMMON USE ABSURD. — CORRECT 
BULES^— MEASUREMENT OF HEIGHTS. — PRESSURE ON BODlES^r-^RrRT 
HOT APPARENT.— EFFECT OF A LEATHER SUCKER.— HOW FLIES 
ADBERE TO CEILINGS, AND FISHES TO. ROCKS.— BREATHING.— COM- 
MON BELLOWS.— FORGE BELLOWS. — VENT-PEG.— TEA-POT.— KETTLE. 
— INK-BOTTLES.- PNEUMATIC TROUGH.— GUGGLING NOISE IN OX- 
CANTING WINE. 

(136.) Iv the history of human discovery, there are few more 
impressive lessons of numility than that which is to be collected 
from the records of the progress by which the pressure of the 
atmosphere which surrounds us, and the manner in which it ia 
instrumental in producing some most ordinary phenomena, be- 
came known. LookiDg back from the point to which we have 
now attained, and observing the numerous and obvious indica- 
tions of this effect which present themselves at all times, and 
on all occasions, nature seems almost to have courted the phi- 
losopher to the discovery. With every allowance for the feeble- 
ness of the human understanding, and for ti^e disadvantages 
which the ancients labored under, as compared with more 
recent investigators ; still one is inclined to attribute the late- 
ness of the discovery of the atmospheric pressure and its effects 
^^^altpgether to the weakness and inadequacy of the mental 
^A^P^^^^ to the investigation. There seems to be some- 
?.'af Wilful perverseness and obstinacy instigating men to 
B^aktde from that course, and to turn their minds mm those 
stances which Nature heraelf continually forcea upon them. 
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The ancient philosophen biwerved, that in the instances 
wbich commonly fell under their notice apace was always filled 
by a material substance. The moment a solid or a liquid was 
by anv means removed, immediately the surrounding air rushed 
in and filled the place which it deserted ; hence they adopted 
Uie physical dogma that nature abhors a vacuum. Such a prop- 
osition must be regarded as a figurative or poetical expression 
of a supposed law of physics, declaring it to be impossible that 
space could exist unoccupied by matter. 

Probably one of the first ways in which the atmospheric 
pressure presented itself was by the effect of suction with the 
mouth. One end of a tube being immersed in a liquid, and the 
other being placed between the lips, the air was drawn firom 
the tube by the ordinary process oi inhaling. The water was 
immediately observed to fiU tiie tube as the aur retreated. This 
phenomenon was accounted for by deckling that *' Nature 
abhorred a vacuum,'* and that she therefore compelled the water 
to fiJl the space deserted by the air. 

The effects of suction by the mouth led, bv a natural analogy, 
to suction by artificial means. If a cylinder be open at both 
ends, and a piston playing in it air-tij|^ht be moved to the lower 
end, upon immersing this lower end m water, and then drawing 
np Uie piston, an unoccupied space would remain between the 
piston and the water. *' But nature abhors such a space," said 
the ancients, <' and therefore the water will not aUow such a 
space to remain unoccupied : we find accordingly that as the 
piston rises the water follows it" By such poetical reasoning 
pumps of various kinds were constructed. 

The antipatliy entertained by nature against an empty space 
served the purposes of philosophy for a couple of thousand 

fears, when it so happened that some engineers employed at 
lorence in sinking pumps had occasion to construct one to 
raise water from an unusually great depth. Upon working it 
they found that the water would rise no higher than about 
thirty-two feet above the well. Galileo, the most celebrated 
philosopher of that day, was consulted in this difiSculty ; and it 
18 said that his answer was, that " Nature's abhorrence of a 
vacuum extended onl]^ to the height of thirty-two feet, but that 
beyond this her disinclination to an empty space did not 
extend." Some writers* deny the fact of his havmjg given this 
answer ; others admit it,t but take it to have been ironical. It 
has been more generallv taken as a solution seriously intended4 
It appears, however, that Galileo, havinf^ his attention thus 
directed to the point, soon saw the absurdity of the maxim, that 

* Eneyelopvdift MetiopoIiUnift, Pneumatics. 

t Biot, TnM dm PhyMqn*, torn* i. p. S9. ^_ 

% MoBt«eI», BiftoiN 4« BCMhwnttiqaM, Utm it. p. SOS. 
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** nature abhon t vacuum," and tought to account for the phe- 
nomenon in other ways. He attributed the elevation of the 
water to an attraction exerted upon that liquid by the piaton. 
This attraction he conceived to have a determinate intenai^, 
and when such a column of water was raised as was equal m 
weight to the whole amount of the attraction, then any further 
elevation of the water by the piston became impossible. 

At a very remote period air was known to possess the quality 
of weight Aristotle and other ancient philosophers expressly 
speak of th<> weight of air. The process of respiration is 
attributed by an ancient writer to the pressure of the atmos- 
phere forcing air into the lungs. Galileo was, therefore, fullj 
aware that the atmosphere possessed this propert]^; and it is 
not a little surprising that when his attention was so immediately 
directed to one of the most striking effects of it, he was unable 
to perceive the connection. 

Some writers* affirm, we know not upon what authority, that 
Galileo, at the time he was interrogated respecting the limited 
elevation of water in a common pump, was aware of the true 
cause of the effect ; but that, not having thoroughly investigated 
the subject, he evaded the question of the engineers, with a 
view to conceal his knowledge of the principle, until he had 
carried his inquirv to a more satisfactorv result It does not, 
however, appeal: that he published his solution of the problem. 
After his death Torricelli, his pupil, directed his attention to the 
same problem. He argued that whatever be the cause which 
sustained a column of water in a common pump, the measure 
and the ener^ of that power must be the weight of the column 
of water, an^ consequently, if another liquid be used, heavier 
or lighter, bulk for bulk, than water, then the same force must 
sustain a lesser or greater column of such liquid. By using a 
much heavier liquia, the column sustained would necessarily be 
much shorter, and the experiment in every way more man- 
ageable. 

He therefore selected for the experiment mercury, the 
heaviest known liquid. The weight of mercury, bulk for bulk, 
being about 13^ times that of water, it follows that the height 
of a column of that liquid which would be sustained by a vacuum 
must be 13^ times less than the height of a colunm of water 
thus sustained. Hence he computed that the height of the 
column of mercury would be about 28 inches. He procured a 
glass tube, A B [kg. 11.), more than 30 inches in length, open 
at one end A, ana closed at the other end B. Placing this tube 
in an upright position, with the open end upwards, he filled it 
with mercury, and applying his finger to the end A, so as to 

* Biol. TraiU de Pb]rnqii«» tome i. 69. Yoimg*« Nttnnil PhihMophy, ▼•> 
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Fig, II. prevent the escape of the mereurj, he iiiTerted the 
j^im tabe, plunging the end A into a cistern C D {fig. 13.), 
containiiup mercury, the open end A being below the 
surface F of the mercury in the cistern, and no air 
having been allowed to communicate with it Upon 
removing the finger, therefore, the mercury in the 
cistern came in immediate contact with the mercury 
in the tube. Immediately the mercury was observed 
to subside from the top of the tube, and its surface 
gradually to descend to the level E, about ^ inches 
above the mercury in the cistern. This result was 
what Torricelli anticipated, and clearly showed the 
absurdity of the supposition that nature's abhorrence 
of a vacuum extended to the jieight of 32 feet. Torri« 
colli soon perceived the true cause of this phenomenon. 
The atmospheric messure acting upon the surface F, 
while the surfluse E was protected firom this pressure 
by the closed end B of the tube, supported the weight 
of the column E F. This pressure was transmitted 
by the liquid mercury in the cistern firom the external 
B surface F to the base of the colunm contained in the 
tube. 
This experiment and its explanation soon became known to 
philosophers in every part of Europe, and 
among others, it attracted the notice of the 
celebrated Pascal. In order to subject the 
explanation of Torricelli to the most severe 
test, Pascal proposed to transport a tube of this 
kind to a great elevation upon a mountain, and 
argued that if the cause which sustained the 
column in the tube were the weight of the 
atmosphere acting upon the external surface 
of the mercury in the cistern, then it must be 
expected tiiat if the tube was elevated, having 
a less and a less quantity of atmosphere above 
it, the column sustained by the weight of this 
incumbent atmosphere must suffer a corres- 
ponding diminution in height He accordingly 
directed a friend residing in the neighborhood 
of a mountain, called Puys de Dome, near 
Auvergne, to ascend that mountain, canying 
with Eim Uie apparatus alreadv describe£ 
^ This was accordinglv dbne, and the height of 
the column noted during the ascent Con- 
formably to the principle explained by Torri- 
celli, the column was observed gradually to 
diminish in height, as the eleva|ion of tae 
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_^^ The mne ezperiment wm repeatea 

iranPaseal hiiiMeU; with niiilar racceaB, upcm a high tower in 
^eityofPam. 

Meanwhile otiier elBsctM were manifeated which not leaa 
imeqiiivoGally profed the trath of Tomcelli'a eolation. The 
appaiatna heing kept for a length of time in a fixed poaition, 
the height of the colomn waa oboerred to flnctnale firom day to 
day between certain amall linuts. This effect waa, of cooiae, 
to he attiibated to the vaiiation of the weight of the incumbent 
atnoaphere, aming from vanooa meteorological canaea. 

(137.) The apparatoa which we hare joat deocribed ia, in fact, 
the common barometer. By the piinc^e of hydroatatica it 
appeaia, tet the height of the column £ F, aoatained by the 
atmospheric preaaore, will be the same, whatever be the mag- 
nitnde of the bore of the tube. If we sappoae the section of 
the bore to be equal to a sqfoare inch, then the colomn E F will 
be preaaed npwaids, and held in equilibrium by the weight of a 
column of atmosf^re pressing upon a square inch of the ex- 
ternal aurftce F ; consequently the weight of the column E F 
must be eqml to the weight of a column of the atmosphere 
whoee base ia a square inch, and which extends firmn the 
Burftce of the mercury in the dstem to the top of the atmos- 
phere. If there be another tube whose bore is only half a 
aqdare inch, then the pressure n^ch wifl support the column 
in it will be that of a similar column of atmosphere, whose base 
is half a square inch; such pressure then will only be half 
the amount of the fonner, and, therefore, will only sustain 
half the weight of mercury. But a column of mereury of 
half the weight, having a base of half the magnitude, must 
necessarily have the same height. Hence it appears, that so 
lonff as the atmosphere presses upon a given magnitude of the 
surface F, with the same intensity, the column of mercuiy aua- 
tained in the tube will have^the aame height, whatever be the 
jnagnitude of its bore. \^ 
7\ In adapting such ^s^p^iaratus as this to indicate minute 
changes in tne pressure of the atmosphere, there are many 
circumstances to be attended to, which we propose to explain 
in the present chapter, so far as they are necessary to render 
intelligible the genera] principle and use of the barometer. 

It is, in the first place, necessary to have the means of meas- 
uring exactly the height of the column E F, fig, 12. : if the 
surface F were fixed, and the tube B A maintained in its posi- 
tion, it would be sufficient to mark a graduated scale upon the 
tube, indicating the number of inches and fractions of an inch 
of any part upon it, from the surface F. But it is obvious that 
this will not be the case when the pressure of the atmosphere 
is increased, as an additional quantity of mercuiy is forced into 
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the tube, and eontequently an eqiial qsantiQr it fincad out of 
the cittern. While the enr&ce £ rises towajrds B, the snrftoe 
F therefore descends, and the distance of £ from that surftce 
is increased bv both causes. A graduated scale marked upon 
the tube would then onlv indicate the change in the position of 
the surface £, but would not show the chayoge in Uie length of 
the column £ F, so far as that change is arocted by thenll of 
the sur&ce F. There are several ways in which this defect 
mar be remedied* 

uthe instrument be not required to give extremely accurate 
indications, it will be sufficient to use a tube the l)ore of which 
10 small compared with the magnitude of the cistern. In this 
case a small chanffe in the height of the column will make but 
a very inconsiderule change in the whole quantity of mercury 
in the cistern, and, therefore, will produce a very minute effect 
upon the position of the surftce F. If such a change in the 
levd F be so small as to affect the indications of Uie instrument 
in a degree which is unimportant for the purposes to which it 
is intended to be applied, the surface F may be regarded as 
fixed, and the whole chajoite in the height of the column may 
be taken to be represented by the change in the position of the 
level £. AU ordinary barmneters are constructed in this 
manner. 

But it is not difficult to adjust a scale ui>on a tube which will 
give with accuracy the actual variation in the length of the 
column by means of the change in the level of the surface £. 
Let us suppose that the cistern C D has a flat horizontal bottom 
and perpendicular sides, and that the magnitude of the bottom , 
bears a certain known proportion to the bore of the tube. Sup- ' 
pose this proportion be that of one lu a tauudrud. If the pres-» V: 
aure of the atmosphere increase, so as to cause the column of .^ 
mercury sustained in the tube to be increased in height by one 
iiKh, then as much mercury as fills one inch of the tube will be 
withdrawn from tiie cistern ; but as the base of the cistern is 
<me hundred times greater than the bore of the tube, it is evi- 
dent that this inch of mercury in the tube would only cause a 
fidl of the hundredth of an inch in depth of Xhe mercury in the 
vessel ; consequently it follows that the increased elevation of 
an inch in the colunm produces a depression of a hundredth of 
an inch in the surface F. Thus it appears, that the increased 
length of the column E F is produced bv the surface F falling 
through the one hundredth of an inch, while the surface £ rises 
through 99 hundredth parts of an inch. The same will be true 
whatever change takes place in the height of the column. We 
may therefore mfer, generallv, that whatever variation may be 
produced in the surnce E, the consequent variation produced 
m the height of the column is greater by a ninety-ninth part. 
17 
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If then the top be so graduated that a portion of it, the length 
of which is one hundredth part less than an inch, be marked as 
an inch, and all other divisions and subdivisions marked accord- 
ing to the same proportion, then the indications will be as 
accurate as if the surface F were fixed ; the tube being divided 
accurately into inches and parts of an inch. 

The barometer is represented mounted and fist- 
Fig, 13. nished with a scale, in /^. 13. The glass tube is 
surrounded by one of brass, in which there is 
an aperture cut at D £, of such a len^ and at 
such a height above the cistern, as to mclude all 
that space through which the level of the mercury 
in tiie tube usually varies in the place in which the 
barometer is intended to be used. In these coun- 
tries the level of the mercury never falls below 2B 
inches, nor rises above 31 inches ; consequently a 
space somewhat exceeding these limits will be 
sufiicient for the opening D E. The tube is per- 
manently connected with the cistern A B, and a 
scale is engraved upon .the brass tube near the 
aperture D E, to indicate the fractions of the 
height of the mercury in the tube. 

There is another method of avoiding the diffi 
culty arising from the change in the level of the 
surmce of the mercury in the cistern, used in the 
barometer here represented. The bottom of the 
cistern moves within it in such a manner as to pre- 
vent the mercury from escaping, and a screw is 
inserted at V, by turning which the bottom of the 
cylinder is slowly elevated or depressed. An 
ivory index is attached to the top of the cylinder, 
which is presented downwards and brought to a 
fine point, so as to mark a fixed level. When an observation 
is made with the barometer, the screw V is turned until the 
surface is brought accurately to the point of the index, by rais- 
ing or lowering the bottom according as the surface is below 
or above that point. It follows, therefore, that whenever an 
observation is made with this instrument, the sur&ce of the 
mercury always stands at the same level, and therefore the di- 
visions upon the scale C F represent the actual change of 
height in the barometric column. 

Since the column of mercury sustained in the barometric 
tube is taken to represent the pressure of the atmosphere, it is 
clear that no air or other elastic fluid should occupy the put of 
the tube above the mercury. To avoid such a cause of error is 
not so easy or obvious as may at first appear. Mercury, as it 
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exists in the ordinary state, frequently contains air or other 
elastic fluids combined with it, and which are maintained in it 
by the atmospheric pressure, to which it b usually subject 
When it has subsided, however, in the barometric tube, it is 
relieved from that pressure, and the elastic force of such air as 
may be lodged in the mercunr being relieved from the pressure 
which con&ed it there, it will make its escape and rise to the 
surface, finally occupying the upper part of the tube, and ex- 
erting a pressure upon the surface of Uie column by means of 
its elasticity. Such a pressure will then assist the weight of 
the column of mercury in balancing the atmospheric pressure, 
and consequently a column of less height will balance tbe 
atmosphere than if the upper part of the tube were free from 
air. To remove this cause of error it is necessary to adopt 
means of purifying the mercury used in the barometer from all 
elastic fluids which may be combined with it. 

The fact, that the application of heat gives enerffy to the 
elastic force of gases, enables us easily to accomjuish this. 
For if the mercury be heated, the particles of air or other elas- 
tic fluids which are combined with it acquire such a degree of 
elasticity, that they dilate and rise to the surface, and there 
escape m bubbles. The same process of heating serves to 
expel anv liqiud impurities with which the mercury may be 
combined. These are converted into vapor, and escape at the 
surface. 

The presence of an elastic fluid at the top of the tube is thus 
removed so far as such fluid can proceed from the mercury. 
But it is also found that small particles of air and moisture are 
liable to adhere to the interior surface of the glass ; and when 
the mercury is introduced, and a vacuum produced at the top 
of the tube, these particles of air dilate, and, rising, lodge at 
the top, and vitiate the vacuum which ought to be there ; the 
particles of moisture also evaporate and rise likewise, both pro- 
ducing an aeriform fluid in the chamber above the surface of 
the mercury, which presses upon that surface with an elastic 
force, and produces a corresponding diminution in the height 
of the column of quicksilver sustained by the atmosphere, as 
already explained. This imperfection may be avoided by pre- 
viously heating the tube. The particles of air which adhere to 
its inner surface being thus expanded by heat, will flv oflTby 
their elastic force, and the particles of moisture will be con- 
verted into vapor, and likewise disengaged from the surface. 

All the effects now explained may oe produced by fllling the 
tube with mercury in the first instance, and then boiling the 
liquid in it, which may be easily accomplished. The heat will 
not only expel aJl liquid and gaseous impurities from the mer- 
cury itself, out also will disengage them from the inner surface 
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of the tube. These precautions heing taken, the column of 
mercury sustained m the tube will indicate by its weight the 
true amount of the atmospheric pressure. But in order to be able 
to compare the result of any one barometer with any other, it 
is necessary that the weights of equsl bulks of the liquid mer- 
cury used m both cases should be the same ; and for this pur- 
pose we must be assured that the mercury used is pure, and 
not combined with other substances. We have just seen how 
all substances in the liquid or gaseous form may be retracted 
from it Impurities may still, boweyer, be suspended in it in 
the solid form. To remove these it is only necessary to en- 
close the mercury in a small bag of chamois leather: upon 
pressing this ba^ the quicksilver will pass freely through its 
pores, and any mmute solid impurities which may be contained 
in the mercury will remsin in tne bag. Pure and h<»nogeneous 
mercury being thus obtained, we have advanced another step 
towards the certamty that the indications of different barome- 
ters may correspond ; but there is still one other cause of dis- 
cordance to be attended to. Suppose a barometer to be used 
in Paris, and another in London, at a time when the pressure 
of the atmosphere in both places is the same, but the tempera- 
ture of the air at Paris is higner tha£ the temperature of London* 
The mercury in the one barometer will have a higher tempera- 
tore than the mercury in the other. Now it is well known 
that when mercury or any other body is heated, its dimensions 
increase. In other wor&, bulk for Dulk, it becomes lighter. 
Consequently, of two columns equal in weight, that which has 
the higher temperature will have the greater altitude. Hence 
it appears, that under the circumstances supposed, at a time 
when the atmospheric pressure ia the same in London as '^t 
Paris, the barometer at the latter place will be higher than «it 
the former. To guard against this source of error it is neces- 
sary, in making barometric observations, to note at the same 
time the contemporaneous indications of the thermometer. 
Tables are computed showing the changes in the height of the 
mercury corresponding to given differences of temperature. It 
is evident that m comparing the results of the same barometer 
observed at different times, it is equally necessary to note Uie 
difference of temperature, and to allow for its effects. This, 
yhowever, is a refinement of accuracy which is not attended ttv 
except in observations made for philosophical purposes. \/ 

(ld8.) One of the difficulties attendmg barometric obsemw> 
tions arises from the very minute changes produced in the 
lieight of the column by slight variations in the atmospheric 
pressure. The whole play of the upper surface of the column, 
in the most extreme cases, does not exceed three or four inches 
in a given place ; and mercury being a very heavy fluid, a van* 
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ation in the pressure of the atmosphere, of sensible *ipAMnt^ 
may produce scarcely any perceotible change in the height of 
the column. One of the most obvious remedies, at first view, 
would seem to be the use of a fluid li|fhter than mercury. In 
the same proportion as the fluid is lighter will the change in 
the height of the column by a given cbEmge in the pressure of 
the atmosphere be greater ; but there are difficulties of a dif- 
ferent kind which altogether preclude the use of other fluids. 
The lighter liquids are much more susceptible of evaporation, 
and the surface of the liquid in the tube, being relieved from 
the atmospheric pressure, ofiers no resistance to the process of 
evaporation. The consequence is, that any liquid, except mer- 
cury, would produce a vapor, which, occupying the top of the 
tube, would press bjr its elastic force upon tlie siuface, and co- 
operate with Uie weight of the suspended column in balancing 
the atmospheric pressure. Even from mercury we have reason 
to know that a vapor rises which is present in the upper part 
of the tube, but this pressure exerts no power which can 
introduce inaccuracy to any sensible extent into our conclu- 
sions. 

(139.) A form is sometimes adopted, called the diagonal 
barometer, for the purpose of increasin^r the range of the mer- 
cury in the tube. This is represented m Jig. 14., where A C B 

Pfg.l^, 




represents the barometric tube. C is a point at a distance above 
the surface of the mercury in the cylinder less than the height 
of 28 inches. The space C D includes the range which the 
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mereniy would have if the tube were verticsl ; but at C the tube 
is bent obliquely in the direction C B, having a sufficient length 
to bring the extremity B to the same level as D. The mercuiy 
which, nad the tube been vertical, would range between C and 
D, will now have its play extended through the greater space 
C B ; consequently the magnitude of any part, however small, 
will be increased in the proportion of the line C D to the line 
C B. Thus, if C D be 4 mches, and C B 12 inches, then every 
change in the position of the sumce of the mercury, produced 
by a change in the atmospheric pressure, will be three times as 
great in the diagonal barometer as it would be in the vertical 
one. 

(140.) Another contrivance for enlarging the scale, wliich is 
more nequently used, and for common domestic purposes at- 
tended with some convenience, is represented in/^. 15. This 
is called the tDkeel harwneter. The barometric 
tube is here bent at its lower extremity B, and 
turned upwards towards C. The atmospheric 
pressure acts upon the surface F, and sustains 
a column of mercury in the tube B A, which is 
above the level of F. The bore of the tube 
being in this case equal in every part of iti 
length, it is clear that through whatever space 
the surface E falls, the surface F will rise, and 
vice versd. Hence it is obvious that the variar 
tion in the height of the barometric column 
will always be double the change in the height 
of either sur&ce E or F ; for if the sur&ce F 
fall, the surface E must rise through the same 
space. They are thus receding from each 
other at the same rate, and therefore their mu- 
tual distance will be increased by the space 
through which each moves, or by double the 
space through which one of them moves. In 
the same manner, if F rise, E must fall, the two 
points mutually approaching each other at the 
same rate ; so that the distance between them 
will be diminished by the space through whieh 
each moves, or by double the space through 
which one of them moves. The change, tliere- 
fore, in the height of the barometric column will always be 
double the change in the position of the level F. 

Upon the suiface at F there floats a small ball of iron, sus- 
pended by a string, which is carried over a pulley or small 
wheel at P, and counterpobed by the weight at W, less in 
amount than the weight of the iron ball. "V^en the surface F 
riaes, the iron ball, being buoyant, will be raised with it, and the 
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counterpoise W will fall ; and when the sorftbce F ftUa, the 
weight of the iron ball, being greater 'than tiie weight of the 
counterpoiae, will cause it to descend with tiie descending snr- 
faee, and to draw the counterpoise W up. It is evident that, 
through whfttcTer space the iron ball thus moves in ascending 
or descending, an equal length of the string will pass over the 
wheel P. P^w this string rests in a groove of Uie wheel, in 
such a manner that, bv its friction, it causes the wheel to re- 
volve, and, consequently, the revolution of this wheel indicates 
the len|[th of the string which passes over its groove, which 
length IS equal to the change m the level of ttie surface F. 
Upon the centre of this wheel P an index H is placed, which, 
like the hand of a watch, plays upon a graduated circular plate. 
Let us suppose that the circumference of the wheel P is two 
inches, then one complete revolution of this wheel will corre- 
spond to a change of 2 inches in the level F, and, therefore, to 
a change of 4 inches in the barometric column. But in one 
revolution of the wheel P the hand or index H moves complete- 
ly round the circle: hence the circumference of this circle 
corresponds to a change of 4 inches in the barometric column. 
Now, the circular plate may easily be made so that its cir- 
cumference shall measure 40 inches ; consequently 10 inches of 
this circumference will correspond to 1 inch of the column, and 
1 inch of the circumference will correspond to the tenth of an 
inch of the column. In this way variations in the height of 
the column amounting to the tenth of an inch are indicated by 
a motion of the handll over 1 inch of the circumference of the 
plate. By further subdivision a still greater accuracy may be 
obtained. 

In this form of the barometer it is evident that the prepon- 
derance of the iron ball assists the atmospheric pressure in 
sustaining the column. This cause of error, however, may be 
diminished almost indefinitely by making the preponderance o( 
the ball over the counterpoise W barely sufficient to overcome 
the Miction of the wheel P. Again, when the atmosphere is 
diminished in weight, and when the surface F has a tendency 
to rise, it is compelled to raise the ball ; and there is this ob- 
vious limit to the indications of the instrument, namely, that a 
change so slight that the difference of pressure will not ex- 
ceed Ihe force necessary to elevate the ball will fail to be 
indicated. 

(141.) For scientific purposes, the vertical barometer is pref 
erable to every other form of that instrument In the oblique 
barometer the termination of the mercurial column is subject 
to some uncertainty arising from the level of the mercury not 
being perpendicular to the direction of the tube. In the wheel 
barometer tihere are several sources of error which, though so 
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•mall in amount as not to injure it for domestic or popular use 
yet are such as to render it altogether unfit for scientific in- 
quiiT. A contrivance called a Vernier, for noting .extremely 
•mall changes, is usually applied to the vertical barometer, and 
supplies the place of an enlarged scale. It consists of a small 
graduated plate which is movu^le bv a screw or otherwise, and 
which sUdes on the divided scale of the barometer. By means 
of this subsidiary scale, we are enabled to estimate magnitudes 
on the principal scale, amounting to very small fractions of its 
smallest divisions. 

The principle of the vernier is easDy explained. 
Fig. 16. Let B A,^. 16., represent the scale of the barometer 
« extending through three inches, and divided to tenths 
of an inch. Let C D be the sliding scale of the ver- 
nier, equal in lengtJi to eleven divisions of the principal 
scale, and divided into ten equal parts. 

Thus each division of the vender will be the tenlii 
of eleven divisions of the instrument ; that is, it will 
be the tenth part of 11 tenths of an inch ; but 11 tenths 
of an inch is the same as 110 hundredths, and the 
tenth part of this is 11 hundredths. Thus it appears 
that one division on the vernier is in this case 11 
hundredth parts of an inch. Now one division on the 
^ f instrument being a tenth of an inch, or 10 hundredths 
\ j' of an inch, it is evident that a division on the vernier 
will exceed a division on the instrument by the hun- 
dredth part of an inch ; for if we take 10 hundredths 
' ; 11 firom 11 hundredths, the remainder . will be 1 hun- 



rH 



r.-, 



; dredth. 

8 Let us suppose that the vernier is placed so that its 
a lowest division, marked 10, shall coincide with the 
4 lowest division on the instrument marked 28 ; then the 
^ first division of the vernier marked will coincide with 
* the division of the instrument next above the 29th. 
^ The division marked 1 on the vernier will then be a 
^^ little below the division marked 29 on the scale, and 
. ■ ^^the distance between these will be the hundredth of 
^ C an inch, as already explained. The division marked 
2 of the vernier will be a little below the division 
marked 9 on the scale, and the distance below it will be 2 hun- 
dredth parts of on inch ; because two divisions of the vernier 
exceed two divisions of the scale by that amount In like' 
manner, the division marked 3 on the vernier will be below the 
divi8ion,^marked 8 on the scale by 3 hundredths of an inch, and 

XLet us suppose that the mercury is observed to stand at a 
height greater than 29 inches and 5 tenths, but less than 29 
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iachea and 6 tenths. Its level being ezpreesed by the dotted 
line M, Jig. 17., let the vernier now be moved on 
Fig. 17. the scale until iti highest division exactly coin- 
j^ cides with the level of the mercury. On compar- 
•1 -r^ ing the several divisions of the vernier with those 
of the instrument, let us suppose that we find that 
the division marked 4 on the vernier coincides with 
^*-|- that marked 1 on the instrument; then the dis- 
tance fixxm the level <^ the mercury M to the next 
division below it, marked 5, wiU be 4 hundredth 
parts of an inch; for the distance of the division 
marked 3 on tiie vernier above the division marked 
3 on the instrument is 1 hundredth of an inch, be- 
cause it is the difference between a division of the 
vernier and a division of the instrument. Again, 
': r..^.o the distance of the division of the vernier, marked 
-.1 2 above the division of the instrument marked ^ 
JJl- -s is 2 hundredths of an inch, and the distance of the 
g. .- -8 division of the vernier marked 1 above the division 
'1 1~ ^ of the instrument marked 4, is 3 hundredths of an 
* 1 r ~' inch. In like maimer the division of the vernier 
3. -]] '* marked is distant from the division of the instru- 
7- -~ 'g ment marked 5 by 4 hundredths of an inch. This 
*'V,9 will be manifest by considering what has been 
*' 71 10 already explained. In general we are to observe 
JI I C what envision of the vernier coincides most nearly 
f - with any division of the instrument, and the figure 
I' " which marks that division of the vernier will ex- 
^jf press the number of hundredths of an inch in the 
distance of the level of the mercury from the next 
division of the instrument below it. 

(142.) The most immediate use of the barometer for scientific 
purposes is to indicate the amount and variation of the at- 
mospheric pressure. These variations, bein^ compared with 
other meteorological phenomena, form the scientific data from 
which various atmospheric appearances and effects are to be 
deduced. 

The fluctuations in the pressure of the atmosphere being ob- 
served in connection with changes in the state of the weather, 
a general correspondence is supposed to prevail between these 
eflects. Hence the barometer has been called a wetUker glass* 
Rules are attempted to be established, by which, from the 
height of the mercury, the coming state of die weather maybe 
predicted, and we accordingly find the words " Rain," " Fair," 
'* Changeable,'* <' Frost," &c., engraved on the scale attached to 
common domestic barometers ; as if, when the mercury stands 
at the height marked by these words, the weather is always 
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subject to the vicissitudes expressed by them. These marks 
are, however, entitled to no attention ; and it is onlv surprising 
to find their use continued in the present times, when knowl- 
edge is so widely diffused. They are, in fact, to be ranked 
scarcely above the vox steUarumy.0T astrological almanac. 

It has been already explained, that in the same state of the 
atmosphere the height of the mercury in the barometer will be 
different, according to the elevation of the place in which the 
barometer is situated. Thus two barometers, one near the 
level of the river Thames, and the other on the heights of 
Hampstead, will differ by half an inch ; the latter being half an 
inch lower than the former. If the words, therefore, engraved 
upon the plates are to be relied on, similar changes of weather 
could never happen at these two situations. But what is even 
more absurd, such a scale would inform us that the weather at 
the foot of a high building, such as St Paul's, must always be 
different from Uie weather at the top of it 

The variation in the altitude of the barometer in a given 
place, toffetber with the corresponding vicissitudes of the 
weather, have been regularly recorded for very long periods. 
It is by the exact comparison of such results tliat any general 
rule can be found. The rules best established by such obser- 
vations are far from being either general or certain. It is ob- 
served that the changes of weather are indicated not by the 
actual height of the mercury, but by its change of height One 
of the most general, though not absolutely mvariable, rules is, 
that when the mercury is very low, and tiierefore the atmos- 
phere very li^ht, high winds and storms may be expected. 

The following rules may generally be relied upon, at least to 
a certain extent r— 

1. Generally the rising of the mercury indicates the approach 
of fair weather ; the fdling of it shows the approach of foul 
weather.* 

* This may be ezplaiaed in part b^ tho following consideratlonB ; which will be 
understood by referring to chap. vii. Mechanics, and chap. v. of this volume. 
When water exists in the atmosphere in the state of vapor, it is perfectly nte- 
tained, and the weight of the atmosphere must be increased by a quantity equal to 
the weight of the vapor. But whenever it assumes the liquid state in the Sbaa 
of drops, and begins to descend, the action of gravity on the particles of the drop 
is no longer wholly transmitted thrbuffh the atmosphere to the earth, but only a 
part equal to the vertical resistance which the atmosphere presents to its descent, 
whilst the remainder is expended in overcoming the inertia of the drop, communi- 
oatinff to it motion until it has attained the greatest velocity which it is suscepti- 
ble of acquiring by its own weight in the resisting medium in which it moves. 
When the velocity has become so great, that the resistance of the medium and tho 
impulse of gravity are equal to eacn other during the same instants, then the drop 
can be no longer accelerated, but must, on account of its inertia, cpntinue to move 
with an uniform velocity ; and as the force of gravity or the weight of the drop 
equals the resistance, and as the resistance is attended by an equal reaction on 
the atmosphere, the whole walffht of the drop, but no more, is again imp ro w < 
opoo the atmotphore, vhieh haa bten partially c*Ueved from it daring tiJM intn- 
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2» In sultry weather, the fall of the merccuy indicates coming 
thunder. In winter, the rise of the mercury indicates frost In 
irost, its fall indicates thaw ; and its rise indicates snow. 

3. Whatever change of weather suddenly follows a change 
in the barometer may be expected to last but a short time* 
Thus, if fair weather follow immediately the rise of the mercu- 
ry, there will be venr little of it ; and, in the same way, if foul 
weather follow the foil of the mercury, it will last but a short 
time. 

4. If foir weather continue for several days, during which 
the mercury continually falls, a long succession of foul weather 
will probably ensue ; and again, if foul weather continue for 
several days, while the merciuY continually rises, a long sue 
cession of fair weather will probably succeed. 

5. A fluctuating and unsettled state in the mercurial column 
indicates chanp^eable weather. 

The domesUc barometer would become a much more usefol 
instrument, if, instead of tiie words usually engraved on the 
plate, a short list of the best established rules, such as the 
above, accompanied it, which might be either engraved on the 
plate, or printed on a card. It would be right, however, to ex- 
press the rules onlv with that degree of probability which ob- 
servation of past phenomena has iustified. There is no rule 
respecting these effects which will hold good with perfect cer- 
tainty in every case. 

(143.) One of the most important scientific uses to which 
the barometer has been applied is the measuring of heights. 
If the atmosphere, like a liquid, were incompressible, this prob- 
lem would be very simple. The pressure on the mercury in 
the cistern would be equally diminished in ascending through 
equal heights. Thus, if the pressure produced by an ascent 
of 10 feet were equivalent to the weight of one inch of mercury, 
then Uie column would fall one inch in ascending that height 
It would fall two inches in ascending 20 feet, three in ascend- 
in? 30 feet, and so on. To find, therefore, the perpendicular 
height of the barometer at any time above its position at any 

vtl between its inceptive and mazimom velocity. We have Bapposed the size of 
the drop and the density of the air to remain the same. The increasing densitv 
of the medium retards the velocity of the drop, and causes it to press the air with 
a force a little superior to its own weight during this retardation, from the time it 
begins till the descent is completed, when the air is relieved from this pressure. 

If the foreffoing views are correct, the atmospheric pressure will be affected, 
thongh in diiforent ways, by the quantity of aqueous vapor in the atmosphere, by 
the quantity of that which, either in the form of clouds, rain, snow, or hail, is de- 
scending without having yet attained its maximum velocity, and by the quantity 
which has already attained this velocity. Hence the mercury of the barometer 
may be depressed in consequence of the descent of drops in their first stage, long 
before they reach the earth ; and this effect will bo modified by the different por- 
tions in the subsequent stages, as well as by other causes which affect the atmos- 
p^ric proflswe.— Alt. Eo. 

Digitized by VjOOQ IC 



fiM A TREATISE ON PNBUBIATICS. CHAP. IV. 

otter time, it would be only neeeBsaxy to obseive the diflfer- 
•nee between the altitude of the mercury in both cases, and to 
allow 10 feet for every inch of mcrcuiry m that difference ; and 
a aiodlar nroceas would be applicable if an inch of mercury eor- 
reimondea to any otiier number of feet 

But this explanation proceeds on the supposition, that in 
ascending through equal heights, the barometer leaves equal 
weights of air below it Suppose in ascending 10 feet the 
mercuiy is observed to fall the hundredth of an inch, then i^ 
IbUows, that the air left below the barometer in such an asoent 
has a weight eaual to the one hundredth of an inch of mercuiy. 
Now, in ascenoing the next 10 feet, the air which occupies tmt 
space, having a less weight above it, will be less compressed, 
and consequently within that height of 10 feet there will be 
eontained a less quantity of air than was contained in the first 
10 feet immediately below it In this second ascent the mer- 
cury will, therefore, fall, not the hundredth of an inch, bat a 
quantity as much less than the hundredth of an inch as the 
quantity of air contained in the second 10 feet of height is less 
than the quantity of air that is contained in the first 10 feet of 
height In like manner in ascending the next 10 feet a still 
less quantity of air will be left below the instrument, and the 
mercuiy will fall in a proportionally less degree. 

If the only cause affecting density of the air were the com- 
pression produced by the weight of the incumbent atmosphere, 
It would be easy to find the rule by which a change of ahitude 
might be inferred firem an observed change of pressure. Such 
a itile has been determined, and is capable of being expressed 
in the language of mathematics, although it is not of a nature 
which admits of explanation in a more elementary and popular 
form. But there are other causes affecting the relation of the 
mressure to the altitude which must be taken into account 
The density of any stratum of air is not only affected by the 
weight of me incumbent atmosphere, but also by the tempera- 
ture of the stratum itself. If any cause increase this tempera- 
ture, the stratum will expand, and with a less density will 
support the same incumbent pressure. If, on the contrary, any 
cause produce a diminution of temperature, the stratum wiu 
contract and acquire a greater density under the same pressure. 
In the one case, theref<»:e, a change of elevation, which would 
be necessary to produce a given change in the height of the 
barometer would be greater than that computed on ttieoretical 
pimciples, and in the other case the chan?^ would be less. The 
temperature, therefore, forms an essenjinelement in the calcu- 

\ lation of heights by the barometer. V"^ 
/ A rule or formulary has been de/ituced, partly from established 

/ theory, and partly firom observed effects, by which the change 
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of elevation may be dedaced ftom obaerrationi made on the 
barometer and thennometer. To apply that mid, it Is neoeaaaiy 
to know, lat, the latitude of the place of obaeryation ; 9dly, the 
heiffht of the barometer and thermometer at the lower atatkm ; 
«n{ 3dly, the height of the barometer and thennometer at the 
hi^er station. 1^ arithmetical computation the difference of 
the levels of the two stations may tiien be calculated. The 
ibrmulary does not admit of being explained without the use of 
mathematical language. 

(144.) It has been already stated, that the atmospheric pree- 
sure at the surfhce of the earth is canableof supportuigacolumn 
of water 94 feet in height It fbilows, therefore, ttiat if our 
atmosphero were condensed to such a degree that its specific 
gravity would be equal to that of water, its hei^t would be 84 
fbet Now the specific gravity of a stratum of atmosphere con- 
tiguous to the surface is about 840 times less than the specific 
graidty of water; that is, a cubic inch of wator weighs 840 
Smes more than a cubic inch of air. If as we ascena In the 
atmosphere it continued to have the same density, then its 
height would be evidently 840 times the height of 84 (bet, 
which would amount to 38,560 feet, or 6 miles and a quarter. 
It is obvious, therefore, that since even at a small elevation the 
density of the atmosphere is reduced to half its density at the 
surfkce, the whole height must be many times greater than this. 
The barometer in the balloon in which De Luc ascended fell to 
the height of 12 inches. Supposing the barometer at the sur- 
face to have stood at that time at S> inches, it follows that he 
must have left three fifths of the whole atmosphere below him. 
His elevation was upwards of 30,000 feet. 

(145.) A column of pure mereuiy, whose base is a square 
inch, and whose height is 30 inches, weighs about 15 lbs. avoir- 
dupois. It follows^ therefore, that when the barometer stands 
at 90 inches the atmosphere exerte a pressure on each square 
inch of the surface of the meroury in the cistern amounting to 
15 lbs. Now it is the nature of a fluid to transmit pressure 
equally in every direction ; and if the surfhce on which the 
atmosphere acts were presented to it laterally, obliquely, or 
downwards, stfll the pressure would be the same. Taking, 
therefore, the medium heiffat of the barometric column at S) 
inches, it follows that all bodies which exist at the surface of 
the earth exposed to our atmosi>here are continually under tins 
pressure, and that every square inch on their surface constantly 
sustains a force of about 15 pounds. Thus, the body of a man, 
the surfkce of which amounts to 3000 square inches, will sus- 
tain a pressure from the surrounding air to the enormous amount 
of 90,000 pounds. 

It miffht at first view be expected that this great foroe to 
IB 
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which all bodies are subject would produce manifest effects, so 
as to crush, compress, or break them, whereas we find bodies 
of most delicate texture unaffected by it Thus a close ba^, 
made of the finest silver paper, and partially filled with air, is 
apparently subject to no external force. Its sides do not 
collapse. This arises partly from the circumstance of the pres- 
sure on every side, and in every direction being equal, and, 
therefore, producing mechanical equilibrium. It is obvious that 
a body which is driven in every possible direction upwards and 
downwards, laterally and obliquely, with equal forces, wil] not 
move in any one direction ; for to suppose such a motion would 
be to assume that the quantity of pressure in that direction 
exceeds the quantity of pressure in other directions. But still, 
though a body may not be driven in any direction by the atmos- 
pheric pressure, it may happen that its parts are crushed and 
compressed. We do not, howeverj find this to happen. This 
arises from the fact, that the elastic force of the air is equal to 
its pressure ; and since the internal cavities of a body, such as 
the thin bag above mentioned, are filled with air, which is con- 
fined within them, that air has precisely the same tendency to 
swell the baff, and to keep the parts asunder, as the external 
pressure of Uie atmosphere has to make them collapse. 

In the same manner we may account for the fact that animals 
move freely in the air without being sensible of the enormous 
pressure to which their bodies are subject The internal 
parts of their bodies 9^e filled with fluids, both in the liquid and 
gaseous states, which offer a pressure from within exactly 
equivalent to the external pressure of the air. This may be 
easily rendered manifest by applying to the skin the mouth of 
a close vessel, to which an exhausting svringe is attached. By 
this instrument, which will be described hereafter, the air may 
be rarefied in the vessel, and the atmospheric pressure conse- 
quently partially removed from the skin. Immediately the 
force of the fluid from within will swell the skin, and cause it 
to be sucked into the glass. This experiment may be perform- 
ed by the mouth on the flesh of the hand .or arm. If the lips be 
applied to the fleshi, and the breath drawn in so as to produce a 
partial vacuum in the mouth, the skin will be drawn or sucked 
mto the mouth. This effect is owing, not to any force resident 
,in the lips or the mouth drawing the skin in, but to the fact that 
.^ the usual external pressure is removed* and that the pressure 
ilffJm within is suffered to prevail. 

(146.) All cases of that class of effects which are commonly 
expressed by the word sttction are accounted for in the same 
manner. 

If a flat piece of moist leather be put in close contact with a 
httavy body, as a stone, it will be found to adhere to it with 
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considerable force, and if a cord of sufBcient length be attach* 
ed to the centre of the leather, the stone may be raised by the 
cord. This effect arises from the exclusion of the air between 
the leather and the stone. The weight of the atmosphere presses 
their surfaces together with a force amounting to 15 pounds 
on every square inch of those surfaces in contact If the weight 
of the stone be less than the number of pounds which wouM be 
expressed by multiplying the number of square inches in the 
surfaces of contact by 15, then the stone may be raised by the 
leather ; but if the stone exceed this weight, it will not suffer 
itself to be elevated by these means. 

The power of flies and other insects to walk on ceilings and 
surfaces presented downwards, or upon smooth panes of glass 
in an ujm^ht position, is said to depend on the formation of their 
feet. This is such that they act in the manner above described 
respecting the leather attached to a stone ; the feet, in fact, act 
as suckers, excluding the air between them and the surface 
with which they are m contact, and the atmospheric pressure 
keeps the animal in its position. In the same manner the 
hymroetatic pressure attaches fishes to rocks. 

The pressure and elasticity of the air are both exercised in 
the act of breathing. When we draw in the breath we first 
make an enlarged space in the chest. The pressure of the ex- 
ternal atmosphere then forces air into this space so as to fill it 
Bj a muscular action the lungs are next compressed so as to 
give ^s air a greater elasticity than the pressure of the exter- 
nal atmosphere. By the excess of this elasticity it is propelled, 
and escapes by the mouth and nose. It is obvious, therefore, 
that the air enters the lungs not by any direct act of these upon 
it, but by the weight of the atmosphere forcinff it into an empty 
space, and that it is expired by the action of uie lungs in com- 
pressing it* 

The action of common bellows is precisely similar, except 
that the aperture at which the air is drawn in is different from 
that at wMch it is expelled. In the lower board of the bellows 

* There lire two sets of cavities eoneemed in reepiration, oae within the other. 
Tho air ie admitted only into the interior eavitiei or those of the lange, an organ 
contained in the chest. Neglecting the actual division of the chest into two cav- 
ities, as well as the cellular structure of the lann, we may illustrate the nnen- 
matic principles of respiratioS by considering the luogs as a distensible and elastic 
bag, and the chest as a firm, yet dilatable box, in which it is contained, and bj 
which its oater surface is alternately pressed and relieved tnm pressure. There 
is no empty space in the htngs, as but a small proportion of the air is expelled ; 
and I should prefer considering the elasticity of the portion which remains, rather 
than the atmospheric pressure, as the cause which directly produces the expansion 
of the lungs when the dilatation of the chest by the action of its muscles removea 
the pressure from the surface of the lungs. The diminished elasticity of the air 
which results from its expansion, allows the atmospheric pressure to preponderate, 
and force into the lungs new portions of air continuallv as King as they are dilating. 
Next, by a muscular action of the chesty assisted by the elaetfcity of eeitaia part* 
th« ur of the longs is eomprttsed and partly expelled.— Am. B». 
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if ft Iwlt eoreittd by t ?ilTe, consiitinf of a iUt piace of otiflf 
kittliAr, movftUe on a hinfe, and winch liaa on the hde, but w 
capable of beiitf laieed by a lUght jweteare. When the upper 
board of the bdlowa is raised, the internal cavity is aaddenlj 
enlarged, and the air contained in it is considerably rarefied* 
The prsisnre of the atmosidiere f<»ceB in air at the nozle ; 
bat this being too small to allow its admission with sufficient 
ease and speed, the valve twenof the hole is acted upon by 
the atmosimere, and raised, and air rushes in through the large 
qwrture undmr it When the space between the biMurds is filled 
with air in its common state, the upper board is depressed, and 
the air confined in the bellows is suddenly condensed. The 
valve covering the hole is dius kept finnlv closed, and the aur 
has no escape exce^ through the nozle, from which it issues 
with a force proportional to the pressure exerted on the upper 
board. A bellows, such as that in common domestic use, thus 
simply constructed, has an intermittinff action, and blows by 
fits, iti action being suspended while the upper board is being 
raised. In forj^es and large factories, in which fires are exten* 
sively used, it is found necessary to command a constant and 
unremitting stream of air, which may be conducted through the 
fiiel so as to keep it in vivid combustion. This is efiected by 
bellows with three boards, the centre board beinff fixed and 
fiimished with a valve opening upwards, the lower board being 
movable with a valve also opening upwards, and the upper boara 
being under a continual jnressure by weights acting upon it. 
When the lower board is let down, so that the chamber between 
it and the middle board is enlarged, the air included between 
these boards being rarefied, the external pressure of the atmos- 
phere will open the valve in the lower board, and the chamber 
between the lower and middle boards will be filled with air in 
its common state. The lower board is now raised bv the power 
which works the bellows, and the air between it and the middle 
board is condensed. It cannot escape through the lower valve, 
because it opens upwards. It acts, therefore, with a pressure 
proportional to the working power on the valve in the middle 
board, and it forces open this valve, which opens upwards. The 
air is thus driven from between the lower and middle boards 
into the chamber between the middle and upper boards. It 
cannot return from this chamber, because the valve in the mid- 
dle board opens upwards. The upper board being loaded with 
weights, it will be condensed while included in wis chamber, 
and win issue firom the nozle with a force proportionate to the 
weights. While the air is thus rushing from the nozle, the 
lower board is let down and again drawn up, and a firesh supply 
of air is brousht into the chamber between the upper and mid- 
dle board. This air is introduced between the middle and 
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Upper hoBxd before the former supply has been exhausted, and 
by workinff the bellows with sufficient speed a larse quantity 
of air will be collected in the upper chamber, so that uie weights 
on the upper board will force a continual stream of air through 
the nozle. yi 

The efiecf produced by a vent-peg in a cask of liquid depends 
^on the atmospheric pressure. If the vent-peg stop the hole in 
the top while the liquid is discharged by tdie cock below, a space 
will remain at the top of the barrel in which tiie air originally 
confined is allowed to expand and become rarefied : its pressure 
on the surface of the liquid above will, therefore, be less than 
the atmospheric pressure resisting the escape of the liquid at 
the cock ; but stiU the weight of the liquid itself, pressing down- 
wards towards the cock^ will cause the discharge to continue until 
the rarefaction of the air becomes so great, that the excess of the 
atmospheric pressure is more than sufficient to resist the escape 
-of the liquid ; the flow firom the cock will therefore be stopped. 
If the vent-peg be now removed from the hole, air will be neard 
to rush in with considerable force and fill the space above the 
liquid. The atmospheric pressure on the surface above and on 
the mouth of the cock being now equal, the liquid will escape 
froin the cock by the effect of the pressure of the superior 
column, according to the principles established in hydrostatics. 
If the vent-peg be again placed in the hole, the flow from the 
cock will be gradually diminished, and will at lengdi cease. 
Upon the removal of the vent-peg, the same effect will be ob- 
served as before. 

If the lid of a tea-pot be perfectly close, and fit tlie mouth 
air-tight, or if the interstices, as frequently happens, be stopped 
by the liquid which lies round the edge of the mouth, then all 
communication between tiie surface of the liquid in the vessel 
and the external air is cut off. If we now attempt to pour liquid 
firom the tea-pot, it will flow at first, but will immediately cease. 
In this case the air under the lid becomes rarefied, and the 

Sressure on the surface of the liquid in tiie tea-pot is so far 
iminished, that the atmospheric pressure resists its discharge 
at the spout 

To remedv this inconvenience, it is usual to make a small hole 
somewhere m the lid of the tea-pot for the admission of air ; 
this hole serves the same purpose ss the hole for the vent-peg 
in the cask. 

Although it is not usually practised, a small hole should be 
made in we lid of a kettle, but for ar^fferent reason. If the 
lid of a kettle fit it closely, so as to stop all communication be- 
tween the external air and the interior of the vessel, when the 
water contained in it becomes heated, steam will rise from its 
sttrikce, and the air enclosed in the space between the surface 
18* ^ . 
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ttnd Um lid being heated, will acquire an increased elastic foiee. 
From these causes, the pressure which acts on the surftce of 
the water in the kettle will continually increase, so long as the 
lid maintains its position: this pressure, transmitted by the 
water in the kettle, will overcome the pressure of the atmos- 
phere acting on the water in the spout, and the effect will be 
that the water wiU be raised in the spout and flow from it ; or, 
if the lid be not firmly enough fixed to withstand the pressure 
of the steam, it will be blown off the kettle. Such effiects M 
within every one's experience. If a small hole were made in 
the lid these effects would be prevented. 

Ink bottles, constructed so as to prevent the inconvenience 
of the ink thickening and drying, owe their eflcacy to the 
atmospheric pressure. The quantity of evaporation whkh 
takes place in the liquid, other circumstances being the same, 
is proportional to the quantity of surftce exp^osed to tiie ezfcerud 
air. To diminishthis quantity of surface, without inconv«uent» 
ly diminishing the quantity of ink in the bottle, bottles have 
been constructed of the shape represented in/g. 18. A B is a 

^.18. 
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close glass vessel, "irom the bottom of which a short tube B 
jMToceeds, ^m which another short tube rises perpendicularly. 
The depth of the tube C is such as will be sufficient for the 
immersion of a pen. When ink is poured in at C, the bottle, 
being placed in an inclined position, is gradually filled up to 
the £iob A : if the bottle be now placed m the position repre« 
sented in the figure, the chamber A B being filled with the 
liquid, the air will be excluded from it, and the pressure tend- 
ing to force the ink upwards in the short tube C will be equal 
to the weight of the column of ink, the height of which is equal 
to the depUi of the ink in the bottle A B, and the base of which 
is equal to the section«f the tube C. This will be manifest 
from the properties of hydrostatic pressure established in Hy- 
drostatics, chap. iii. Now the atmospheric pressure acts on the 
surface C with*a force which would be capable of sustaining a 
column of ink many times the height of the bottle A B ; conse- 
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^uently, this pressure will elTectually renst the escape of the 
mk from the mouth C, and will keep it suspended in the bottle 
A B. In this case the whole surface, which is exposed to the 
effect of evaporation, is the surface of liquid in the tube C ; 
and, consequently, an ink bottle of this kind may be left many 
months in a warm room, and no perceptible diminution in the 

auantity of ink, or change in its quality, will take place. As 
\ie ink in the short tube C is consumed by use, its sur&ce will 
fall to a level with the tube B. A small bubble of air will then 
insinuate itself through the tube B, and will rise to the top of 
the bottle A B ; there it will exert an elastic pressure, woich 
will cause the surface in C to rise a little higher, and this effect 
will be continually repeated until all the ink in the bottle has 
been used. 

The only inconvenience which has been attributed to thaee 
ink bottles arises from sudden changes in the temperature to 
which they are exposed. When the external air, having been 
previously warm, becomes suddenly cool, the small <raantity of 
air whicli is included in the bottle A, not being coMod so ftst 
as the external air, will exert an elastic pressure which will 
cause the ink to overflow at C. This is an effect, however, 
which we have never observed, although we have seen these 
bottles much used.* 

If such an ink bottle be placed upon a marble chimnev-piece, 
or any other sur&ce heated beyond the temperature of toe air 
in the roomi the air confined m the bottle will then become 
heated, and acquire increased elastic force, and, in this case, 
tiie ink will overflow. 

The fountains for supplying water to bird cages are con- 
structed upon the same princime. 

The pneumatic trough used in the chemical laboratory, and 
the gas holders, or gasometers, used in gas works, depend on 
the atmospheric pressure. A vessel, having its mouth upwards, 
ia comi>letely filled with a liquid. The mouth ia then stop^d, 
a flat piece of glass, or a smooth plate of metd, pressed against 
i1^ and the vessel is inverted, the mouth being plunged in a 
cistern filled with the same liquid. If the height of the vessel 
in this case be less than the height of the column of the liquid 
which the atmospheric pressure would support, the vessel will 
continue to be completely filled with tiie liquid, even after the 
plate is removed firom its mouth ; for the atmospheric pressure 
acting on the surface of the liquid in the cistern will iM«vent 
the kquid contained in the vessel from fiilling out of it Any 
one may satisfy himaelf of this ftct Take a wine glass, and 

* If any ineomreueDce ariie, it wooM ba fWna an inoreaia in tha tampantiira, 
and e<Niaaf«anUyHlie alaalUty, af tka inel«M air, or torn a.&ais«tloa oftlM at* 
mospherie preMare.— Am., fo. 
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fill it with water, and then, having applied a piece of card to iti 
mouth 80 as to prevent the water from escaping, invert it, and 

eunge the mouth downwards in a basin of water. Let the card 
i then removed, and let the glass be raised above the surface, 
still, however, keeping the edge of its mouth below the surface. 
It will be observed that the glass will still remain completely 
filled with water. Take a small quill, or a hollow piece of 
straw, and insert one end in the water, so that it will be imme- 
diately below the mouth of the glass, and at the same time 
blow gently through the other end, so as to introduce air in 
small quantities into the water immediately under the mouth of 
the glass. This air will ascend in bubbles, and will find its 
way to the highest part of the glass, and, remaining there, will 
expel the water from it ; and this will continue so long as air is 
supplied, until all the water contained in the glass is expelled 
from it, and the glass is filled with air. If the process be further 
continued, the air will begin to escape imfiler the edge of the 
glass, and rise in bubbles to the surface. ^ 
^ The pneumatic trough is a large cistern filled with mercury, 
in which is placed, below the surface of the liquid, a shelf to 
support a receiver. By plun^^ any vessel in the deeper part 
of the trough, it may be filled with mercury, and if it be slowly 
raised, keeping its mouth still below the surface of the liquid, 
it will still remain filled with mercury by tiie pressure of the 
atmosphere acting on the surface of the mercury in the trouffh. 
The mouth of the vessel may then be placed on the shel^ while 
the vessel itself is above ue surface of the mercury. The 
trough is represented in^. 19. at A B. The shelf is placed in 

Fig, 19. 




A at C ; a receiver B is placed on the shel^ wkh its moatk 
aoiigiwards, over an apertore D, which commw^Amm ^wiA a 
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tiib«y by which gw mty be introduced. The gw pminf 
through the tube rifles in bubbles through the mercury in the 
receiver, and lodges tt the top ; and, by continuinff this process, 
the whole of the mercury will at length be expdled from the 
leceiTor, and its place filled with the gas. In this manner gases 
of various kinds may be preserved out of contact wiA the at- 
mosphere, and the same shelf may be fumiahed with several 
holes, and may support a number of different jars. 

The gasometer used in gas works is constructed on the same 
principles, only on a .different scale. When used for great sup- 
plies of gas, such as are necessary for the illumination of towns, 
these vessels are constructed of a very large size, and are im- 
mened in piti lined with cast iron, and filled with water. It is 
clear that all which has been just explained will be equally 
applicable, whatever be the liqmd used in the cistern ; and fbr 
different ^es it is necessanr to use different liquids, since tlie 
contact with particular liquiifs will frequently aroct the quality 
of the gas. 

The peculiar guggling noise which is produced in decanting 
wine, arises from the pressure of the atmosphere forcing air into 
the interior of the bottle. In the first instance, tiie neck of the 
bottle ii completely filled with liquid, so as to stop the admis- 
sion of air. When a part of the wine has flowea out, and an 
empty space is formed within the bottle, the atmospheric pres- 
sure forces in a bubble of air through the liquid in the neck, 
which, by rushing suddenly into the interior of the bottle, pro- 
duces the sound uluded to. This effect is continually repeated 
80 long as tiie neck of the bottle continues to be choked with 
the liquid. But as the contents of the bottle are discharged, 
the liquid, in flowing out, only partially fills the neck, and while 
a stream of wine passes out through the lower half of the neck, 
a stream of air passes in throu^ the upper part The flow 
in this case being continual and uninterrupted, no sound takes 
place. 

The atmospheric pressure acting on the surface of liquids 
Tn|>i^ip t^ing air combined with them in a greater or lesser quan- 
tity, accordinff to the nature of the liquid. If an open vessel, 
containing a Bquid, be placed under a receiver, and the air be 
exhausted the air combined with the liquid will be immediately 
set free, and will be observed to rise in bubbles to the top. 
This effect will be verv perceptible if water be used, but stul 
more so in the case of beer or ale. 

When liquor is bottied, the air confined under the cork is 
condensed, and exerts upon the surface a pressure greater than 
that of the atmosphere. This has the effect of holmng in com- 
bination with the Uquor air, which under the atmospheric pres- 
sure only would, escape. If any air rise fix>m the liquor after 
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being bottled, it causes a still jmater condensatioii, and ail in- 
creased pressure above its surface. 

If the nature of the liquor be such as to produce air in con- 
siderable quantity, this condensation will at length become so 
great as to force out the cork ; or, failing to do that, break the 
bottle. This is found to happen frequently with beer, ale or 
porter. The corks in such cases are tied down by cord or 
wire. 

When the cork is drawn from a bottle containing liquor of 
this kind, the fixed air being relieved from the pressure of the 
air which was condensed under the cork instantly makes its 
escape, and, rising in bubbles, produces effervescence and froth. 
Hence the head observed on norter and similar liquors, and the 
•parkling of champagne orciaer. 



CHAP. V. 

RABEFACnON AND CONDENSATION OP AIB. 

BXHAUBTING BTRIHOC. — RATS OF XXHAD8TIOir.>^IIIP088IBLK TO PRO- 
ones A PERFECT VACUUM. — MECHANICAL DEFECTS. — THE AIR PUMP. 
— BAROMETER GAUGE. — STPHON GAUGE. — VARIOUS FORMS OF AIR 
PUMP.-— PUMP WITHOUT SUCTION VALVE. — ^EXPERIMENTS WITH AIR 
PUMP. — BLADDER BURST BT ATMOSPHERIC PRESSURE^— BLADDER 
BURST BT ELASTICITY OF AIR.-— DRIED FRUIT INFLATED BT FIXED 
AIR. — ^FLACCID BLADDER SWELLS BT EXPANSION. — ^WATER RAISED 
BT ELASTIC FORCE. — A PUMP CANNOT ACT IN THE ABSENCE OF AT- 
MOSPHERIC PRESSURE.-»SUCTION CEASES WHEN THIS PRESSURE IS 
REMOVED. — THE MAGDEBURG HEMISPHERES. — GUINEA AND FEATH- 
ER EXPERIMENT.— CUPPING. — EFFERVESCING LK^UORS. — SPARK- 
LING OF CHAMPAGNE, ETC. — PRESENCE OF AIR NECESSARY FOR THE 
TRANSMISSION OF SOUND. — THE CONDENSING SYRINGE. — THE CON- 
DENSER. 

(147.) When a part of the air enclosed m any vessel is with- 
drawn, that Y^ich remains, expanding by its elastic property, 
fills the dimensions of the vessel as effe^stuaUy as before. Un- 
der these circumstances, however, it is obvious, that any given 
space within the vessel contains a less quantity of air than it 
did previously, inasmuch as, while the whole dunensions of a 
vessel remain the aame, the total quantity of air diffiised thiough 
them is diminished. When the same quantity of air in this 
manner is caused to expand into a greater space, it is said to be 



Sut on the other hand, when a vessel containing any quantity 
of air is caused to receive an increased quantity, by additional 
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air beinff forced into it, then any given portion of its dimen- 
sions wm contain a proportionally greater quantity of air than 
it did before the additional air had been forced in. Under these 
circumstances, the air contained in the vessel is said to be c<m' 
densedy and it is our purpose in the present chapter to describe 
the, mechanical instruments by which these processes of rare- 
foicHon and condensation are practically effected. 

Tlte ExhatuHng Syringe. 

(148.) The most simple form of instrument for producing 
the rarefaction of air is that which is called the exhausting syr^ 
inge. In order to comprehend the construction and operation 
of this instrument, let us suppose A B,fig. 
20., a cylinder, or barrel, furnished with a 
stopcock C, inserted in a small aperture in 
the bottom. Let the end of this tube be 
screwed upon the vess^^l R, in which the 
rarefaction is to be made. 

From the side of the barrel, near the bot- 
tom, let another tube D proceed, also fur- 
nished with a stopcock. Let us suppose 
the piston P at tiie bottom of the barrel, 
both stopcocks being closed. Let the pis- 
ton P be now drawn from the bottom to the 
top, as represented in Jig, 21., this piston 
being supposed to move air-tight m the 
barrel. A vacuum will remain between 
the piston P and the bottom B. If the 
stopcock C be opened, the air contained in 
the vessel R will, by its elastic force, rush 
through the open stopcock C, and expand 
so as to fill the barrel. Thus the air which 
previously occupied the dimensions of the 
vessel R has now expanded through the 
dimensions of R and A B. Let the stop- 
cock C be now closed, and the stopcock D 
opened, and let the piston P be pressed to the bottom of the 
barrel. The air contained in the barrel will thus be forced out 
at tiie open stopcock D, and driven into external atmosphere. 
Let the stopcocK D be next closed, and the piston again ele- 
vated, as in fig, 21. A vacuum will once more be produced in 
the barrel ; and, on opening the stopcock C, the air in R win 
again expand intotihie barrel, occupying the extended dimensions 
as before. Let the stopcock C be again closed, and the stop- 
cock D opened. If the piston be jvressed to the bottom of the 
biirel as oefore, the air contained in the cylinder will again b« 
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expelled throu|^ the stopcock D. By continuing this process, 
alternately opening and closing the two stopcocis, and elevat- 
ing and depressing the piston, a quantity of air will rush from 
the vessel R on each ascent of the piston, 
and the same quantity will be e^>elled 
through tl^tube D on each descent of the 
piston.^ ^^ 

It is evident that this process may be con- 
tinued so long as the air which remains in R 
is capable of expanding, b^ its elasticity, 
through SMe open tube C mto the barrel 
\ 4bove. rs 

y\ A slight degree of attention only is neces- 
sary to perceive that the quantify of air ex- 
pelled m>m R at each ascent of the piston is 
continually diminished ; and it wiU not be 
difficult even to explain the exact rate at 
which this diminution proceeds. Let us sup- 
pose the magnitude of the bturel A B to have 
any given proportion to the dimensions of the 
vessel R ; suppose, foir example, that the di- 
mensions of the barrel are the ninth part of 
those of the vessel. When the piston is first 
raised from the bbttom to the top, the air 
which previously occupied the vessel expands 
so as to occupy the dimensions of the vessel 
and' barrel together. The barrel, therefore, 
will contain a tenth part of the whole of the 
enclosed air ; for since the vessel R contains nine times as 
much as the barrel, the vessel and barrel together contain ten 
times as much as the barrel. Consequently the air enclosed 
in the barrel will necessarily be a tenth of the whole. On de- 
mressing the piston, this tenth part is expelled through the tube 
D. On elevating the piston, the air remaining in the vessel R, 
which is nine tenths of the original quantity, now expands 
through the vessel and barrel, and, for the reason alreaay as- 
signed, the barrel will contain a tenth part of this remaimng 9 
tenths ; that is, it will contain 9 hundredth parts of the origwl 
quanti^. On the second descent of the piston, this 9 hundredth 
parts will be enelled. The 9 tenths which remain in the cyl- 
mder after the first stroke of the piston, have now lost 9 hun- 
dredth parte of the whole ; and, since 9 tenths is the same as 
90 hundredths, 9 hundredths being deducted firom that leave a 
remainder of 81 hundredths. 

This, therefore, is the proportion of the original quantity 
which now remains in the vessel R. When the piston is next 
niied, this portioii will ezpaad, as befinre, into the enlarged 
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space, and the tenth part of it will rise into the baneL Btit a 
tenth part of 81 hundredths is 81 thousandths. Accordingly, 
on the next descent, tliis 81 thousandths will be expelled. The 
81 hundredths which remained in the vessel K before this dim 
inution are tlius diminished by 81 thousandths. This 81 hun 
dredths are equivalent to 810 thousandths, and, therefore, the 
quantity remaining in the vessel R will be found by subtractinff 
81 tliousandths from 810 thousandths. The remainder will, 
therefore, be 729 thousandths, which will be the prqrartion of 
the ori^nal quantity of air which remains in the vessel after 
the third stroke of the piston. It will not be difficult to continue 
this reasoning further, and to discover not only the quantity of 
air expelled at each successive stroke, but also the quantity 
remaining in the vessel R; and we may, without difficulty, 
compute the following table : — 





Proportion of the 

original auantity of 

air expelled at each 

•troke. 


ProMirtioa of the 

origiiiiU (juantity of 

air remaining after 

each stroke. 


Total qaantity of 
air expelloo. 


1 


1 
10 


9 


10 


2 


100 


100 


100 


3 


PI 

1,000 


729 
1^ 


1,000 


4 


T29 
10,000 


6,561 
10.000 


8.469 


5 


6,561 
100.C0O 


69,049 
100,000 


40.951 
100,000 


6 


60^9 
1,000,000 


8SI.441 
1,000,000 


469669 


7 


631.441 
10000 000 


4,782,M9 
10,000.000 


6.217,031 

io.ooaoco 



To make this table more intelligible, let us suppose that the 
vessel R contains, in the first instance, 10,000,000 (jfrains of air. 
The first stroke of tie piston expels a tenth part of this quanti- 
ty that is, 1,000,000 grains. There remain in the vessel R 
9,000,000 grains. The tenth part of this 9,000,000 is expelled 
by the second stroke, that is, 900,000 grains of air. There now 
remain in the vessel, 8,100,000 grains. Of this again a tanth 
19 

Digitized by LjOOQ IC 



S18 



A TREATISE ON PNEITMATICB. 



CHAP. Y 



MTt ii expelled by the third stroke, that is, 810,000 grains. 
The quantity remaining in the receiver will then be 7,^0,000 
mins. The tenth part of this is expelled by the fourth stroke, 
3iat is, 729,000 srains, and there remain in the vessel 6,561,000 
grains. The firai stroke expels a tenth part of this, or 656,100 
grains, and there then remain in the vessel, 5,904,900 grains. 
A tentii part of this again is expelled by the sixth stroke, that 
is, 590,490 grains, and the remainder in the vessel is 5,314,410 
iprains. A tenth of this again, or 531,44l grains, is expelled 
1^ the seventh stroke. The following table exhibits these 
festtlto:— 



M 


Gniiw expelled 
at each stroke. 


Graim remaimnf 
under preseure. 


Total miDb«r.f 
graiu .xpellML 


1 


1,000,000 


9,000,000 


1,000,000 


2 


900,000 


8,100,000 


1,900,000 


3 


810,000 


7,290,000 


2,710,000 


4 


729,000 


6,561,000 


3,439,000 


5 


656,100 


6,015,900 


4,095,100 


6 


590,490 


5,314,410 


4,685,500 


7 


531,441 


4,782,909 


5,217,081 



By attending to the numbers in the third column of the 
above table, it will be perceived, that each succeeding number 
is nine tenths of the preceding one. It follows, therefore, that 
after each stroke of the piston, the quantity of air which. re- 
mains in the vessel R will be nine tenths of the quantity which 
it contained before the stroke. From a due consideration of 
this circumstance, it will be perceived that, however long the 
process of rarefaction be continued, the vessel R can never be 
completely exhausted of air ; for, a determinate quantity being 
contained in it, nine tenths of this will remain after the first 
stroke. After the second stroke, nine tentbi of this again wiK 
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lemun, aad^ however long the operaUon be continued, still s 
detenninate quantity will remain after every succeeding stroke 
of the piston, this quantity being nine tenths of what the vessel 
R contained after the preceding stroke. But although a per- 
fect exhaustion can never be attained by these means, yet if 
the instrument now described could be constructed as perfect 
in practice as it is in Uieory, the^e would be no limit whatever 
to the degree to which the air in the vessel R might be rarefied. 
Thus, by a determinate and finite number of descents of the 
piston, it might be reduced in weight to the millionth part of s 
grain, or even to a quantity mimons of times less than this* 
Still, however small the quantity which ma^ remain in the 
vessel R, so long as tibe elastic force bv which the particles 
repel each other exceeds the weight of the final or ultimate 
particles of the air, so long that repulsive energy will cause it 
to .expand through the tube C into the cylinder A B.* 

^ ^ The exhausting syrmge used in practice 

differs in some particulars from that which we 
have here described with a view to illustrate 
)^^ » f^ the principle of its operation. The stopcocks 

C and D, which woidd require constant ma* 
nipulation while the process of rarefaction is 
going forward, are dispensed with in practice, 
and the elastic pressure of the air itself is 
made to act upon valves which serve the pur- 
poses of these cocks. Let A B, ^. 32., rep- 
resent an exhausting syringe, havmg a tube 
and stopcock C proceeding from the lower part 
as already described. The tube C is screwed 
to a very smaU aperture in the bottom of the 
barreL Across this fu>erture is stretched a 
small piece of oiled silk, which is impervious 
to air. It is extended across the aperture so 
loosely, that a slight pressure from below will 
produce an open space between it and the sur 
face of the bottom near the aperture, capable 
of admitting air from below, and yet so tight 
that a pressure from above will cause it to lie 
close against the bottom, round the apertuKJ 
J as to stop the passage of air from above.NL 
By this arrangement it is possible for ai/\ 




iCi 



pressed with a sufficient force to enter the barrel through the 



laantity of air in the ve>«el E at the commencement of the proeeM 

*^ 1 then the quantity after one •troke of the pitton will U 

two iuoke. {^% after three .troke. (^)», and after n .tiokM 



* If the 



be expre..ed 
" , after two 



m- 
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Talve V, when the stopcock C is opened ; but it is impossible, 
on the other hand, for air pressing above the valve to escape 
through it, since the pressure of the air only serves to render 
more close the contact between the valve and the surface Sur- 
rounding the aperture which it covers. A small hole is pierced 
through the pistdn, extending from the lower to the upper 
surface, and this hole at the upper surface is covered with txa 
oiled silk valve V, in the same manner as the aperture V in the 
bottom. For the reasons already assigned it is, therefore, pos- 
sible for air to pass up through this hole in the piston, and 
escape at the upper surface ; but it is impossible for air, by any 
pressure, to pass in the contrary direction, since such nressure 
only renders the contact of the valve more intimate, ana, conse- 
queni iy, causes it to be more impervious to air. 

Let us suppose an instrument thus constructed to be attached 
to a vessel R, in which the rarefaction is to be produced, ani 
the stopcock C to be opened. On raising the piston P a vacu- 
um will be produced between it and the valve V. The piston 
valve V will now be pressed downwards by the weight of the 
atmosphere, aUd will be subject to no pressure from below, 
because of the absence of air beneath it. It will then stop 
the admission of air from above the aperture, and will maintain 
the vacuum below. The elastic force of the air contained in 
the vessel R now acting upwards against the exhausting valve 

V will raise it, and the air will escape through the space be- 
tween it and the surface surrounding the aperture, and will 
thus fill the barrel above ; but the air having expanded into an 
increased space will have an elastic force less than that of the 
external air, and consequently the piston valve V will be press- 
ed down by a greater force than it is pressed up, and will 
therefore remain closed. Let the piston be now depressed : as 
it descends the air enclosed in the cylinder acquires increased 
elastic force, and pressing upon the exhausting valve V causes 
it to close, so as to intercept the air in the cylinder from the 
vessel R. When the piston has descended in the barrel through 
such a space as to condense the air beneath it, so as to give it 
a greater elastic force than the external atmosphere, it will 
press the piston valve V upwards, with a greater force than 
the external air presses it downwards. Consequently Uie valve 

V will be opened, and the air confined beneath the piston wiU 
begin to escape through it. When the piston has arrived at 
the bottom of the barrel, the whole of the air will thus be ex- 
pelled. This process is repeated whenever the piston is raised 
and depressed ; and thus the valves, which in the form adopted 
for explanation required constant manipulation, acquire a self- 
acting property. This form of the instrument which is tliat 
commonly used, is attended with an obvious limit to its op6ii^ 
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tion, which does not exbt in the theoretical fonn represented 
in^. 20. It is evident that the operation of the valves depends 
upon the presence of air of a certain determinate elastic force 
in the vessel R, which elastic force it is the purpose of the in- 
strument to reduce indefinitely. When the elastic force of the 
air contained in R is so far diminished that it is only equal to 
the force required to raise the valve V, the action of the ma- 
chine must stop, for anv further diminution would render the 
air confined in R unable to open the valve, and therefore no 
more air could pass into the barrel A B. This is a practical 
limit of the power of the exhausting syringe. The degree of 
perfection of which the instrument is susceptible, therefore, 
depends upon making the valve V offer as little resistance to 
bemg raised as is consistent with its being perfectly air-tight 
when closed. 

But we have another limit to the operation of this instrument, 
arising from the piston valve V. Tlus valve is closed not only 
by its own tension, but also by the weight of the incumbent 
atmosphere above it When the pision is depressed, the air 
included in the barrel must first attain a degree of elastic force ^ 
by condensation equal to the pressure of the atmosphere, before 
it can open the valve V. But this is not sufficient : it must 
acquire a further increased elastic force equal to the tension of 
the valve Y' over the aperture^ in order to raise that valve and 
escape, and therefore the perfection of this valve also depends 
on having as little tension as is coninstent with being peifectiy 
air-tight from above. 

The efficiency of the instrument will also depend upon the 
ajccuracy with which the piston fits the bottom and sides of the 
barrel. When the piston is depressed to the bottom, it is con- 
sidered in tiieory to be in absolute contact, so as to exclude 
every particle of air from the space between it and the bottom* 
But m practice this perfection can never be obtained. It may, 
however, be very accurately fitted, and the air retained between 
it and the bottom may be reduced almost without limit The 
small hole which passes from the valve V to the bottom of the 
piston will stai remain, however, and will continue to be a re- 
ceptacle for air, even when the piston is in close contact with 
the bottom. This space, therefore, produces a defect in the 
machine which is not removed.* If we suppose the magnitude 

* It ii owinff to this, and to the want of accuracy in tne meenanieai eonstrac- 
tion of the pUton and barrel, that the limitation mentioned in the precedinf paw- 
eraph can exi«t. However small the auantity of air remaining, if it could be ii«it 
So in a Bpace infinitely small, its elasticity would overcome the resistance of the 
piston valve and that of the atmosphenc pressure. On the contrary, there is 
Bothine to overcome the resistance of the exhausting valve, but the enfeebled 
energy of rarefied air. This renders some mechanical method of opening the ex* 
bausting valve more necessary to the perfection of the instrument.— Am, Eo, 
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of this hole, together with whatever space may remain unfilled 
between the lower surface of the piston and the bottom of the 
barrel, to be the ten thousandth part of a solid inch, tiien the 
valve V will cease to act when the air which fills the barrel, 
the piston being at the top, is such that, if condensed into the 
ten thousandth part of an inch, its elastic force will exceed the 
atmospheric pressure by a quantity less than the force required 
to open the valve V. 

This source of imperfection will evidently bo diminished by 
diminishing the depth of the aperture below the valve V, and 
by increasing the size of the cylinder; for if the air in the bar- 
rel be as many times rarer than the external atmosphere, as the 
magnitude of the barrel is greater than the magnitude of the 
space below the valve V, Uien this air, when condensed into 
that spacoi will exert a pressure equal to that of the atmos- 
|^ere» Suppose the barrel contains ten cubic inches of air, 
ind that the magnitude of the hole is the hundredth part of a 
cubic inch, then &e magnitude of the cylinder will be 1000 times 
the magnitude of the space which remains between the valve 
V and the bottom of the barrel, when the piston is pressed 
to the bottom. Consequently the process of rarefaction would 
be deduced until the air in the receiver would be rendered 1000 
times rarer than the external atmosphere. 

The vessel R being connected with a tube furnished with a 
JBtbpcock C may be detached from the aynn^ together with th« 
fttopcock by unscrewing the tube C ; and if the stopcock be 
previouslv closed, the mterior of tJie vessel will continue to 
contain the rarefied air. 

In various branches of physical science inquiries continually 
arise respecting qualities and efifects of material substances, 
which are subject to considerable modification by the pressure 
or other qualities of the air which surrounds them ; and it is 
often necessary in such investigations to discover what the9e 
qualities and efiects may be, if the substances were not exposed 
to the mechanical pressure or other effects consequent upon the 
presence of the atmosphere. Although we do not possess any 
means of removing altogether the presence of this fluid, yet 
from what has been already stated it is plain that it may be so 
attenuated in an enclosed chamber, such as the vessel R, that 
these effects may be diminished in intensity to any degree 
which experimental inquiry may demand. 

With these views it is necessary, however, not only to be 
able to introduce the substances which are submitted to exper- 
imental investigation into the chamber in which the rarefaction 
has been accomplished, but also to be able to observe them 
when so sitaated. The latter purpose could be accomplished 
by constructing the receptacle It of glass ; but still it would be 
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necessary to have access to the interior, and to construct it of a 
convenient form to receive the subjects of experiment, and even 
in many cases to be able to manipulate or produce changes of 
position on the object thus enclosed. 

For these purposes the form of the vessel R, and the mod* 
of connecting it with the syringe, must be somewhat changed, 
and the arrangement which is given in order to adapt tnem 
thus to all the exigencies of experimental investigation is called 
THE AiB PUKP, an instrument which we will now proceed to 
explain. \^ 

/ TheJHr Pump. 

(149.) Tho vessel in which the rarefaction is produced bv an 
air pump is.called a/{ecmer, and is usually constructed of ^lass, 
in a cylindrical form, with an arched or round top, furnished 
with a ball as a convenient handle. A section H or this is rep- 
resented in^. 23. The mouth or lower part is open, and it is 




ground to a perfectly smooth and flat edge. A circular bnsa 
plate is constructed, also ground truly plane and perfectly 
smooth, and its magnitude is accommodated to the size of the 
largest receiver intended to be used ; a section of this plate is 
represented at S S. 

When the receiver is placed on the plate with its mouth 
downwards, the edge of tlie mouth and the surface of the plate 
should be so truly plane and smooth, that they may rest in air* 
tight contact. This may always be insured by smearing Ui# 
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ground edge of the receiver with a little lard or unctuous mat- 
ter. When the receiver is thus laid on the plate it becomes 
an enclosed chamber, similar to R, fig. 22^ but with this con- 
venience, that any substance or object to be submitted to 
experiment may be previously placed under it, and observed 
through it after the air has been rarefied. In the centre of the 
plate S S a small aperture O communicates with a tube T, 
anal^ous to the tube inserted in the bottom of the syringe in 
fg, SS. This tube is furmshed with a stopcock at C, which 
when closed cuts off all communication between the receiver 
and the syringe, and when open allows the syringe to act on 
the receiver as already described. 

The syringe B furnished with a piston P is fixed on a firm 
stand, and the tube T is carried in such a direction as to open 
a communication with the valve V in the bottom of the syringe. 
To facilitate the operation, it is usual to raise and depress Sie 
piston, not by the hand applied at the extremity of the piston 
rod as formerly described, but by a winch D, which turns a toothed 
wheel W, working in corresponding teeth, formed on the edge 
of the piston rod £. 

It is not necessary again to describe the operation of the 
Bjrringe, since it is exacdy what has been already explained 
with reference to fig, 22. The piston P is elevated and 
depressed by alternately turning the wheel W in opposite 
directions, and t^e piston valve Y^ and the exhausting valve V 
have the property and work in the manner already described. 
This instrument and that represented in fig, 22. diner in noth- 
ing except the length and shape of the communicating tube T, 
the shape of the receiver R, and the mechanical method of 
working the piston. 

To expedite the process of rarefaction, it is usual to provide 
two syringes worked by the same wheel as represented in the 
figure, each being drawn up while the other is depressed. By 
these means a given degree of rarefaction is produced in half 
the time which would be required with a sinrie syringe. 

In using this instrument it is always desirable, and ^quently 
necessary, to ascertain the de^ee of rarefaction which has oeen 
accomplished within the receiver. This is indicated, with great 
precision, by an apparatus called a barometric gauge, repre- 
sented at H 6. This consists of a glass tube IT G, the upper 
end H of which has free communication with the receiver or 
rather with the tube T at some point above the stopcock C. 
The tube H G is more than 30 inches in length, and its lower 
extremity is plunged in a small cistern of mercury. As the 
rarefaction proceeds in the receiver, the elastic force of the air 
pressing upon the mercury in the tube H G is diminished, and 
immediately becomes less than the pressure of the external 
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atmosphere on the surface of the mercury in the cistern M ; 
consequently this external pressure prevails, and forces mercury 
up to a certain height in the tuhe 6 H. As the rarefaction of 
the air in the receiver increases, its elastic force being dimin- 
ished, the atmospheric pressure will prevail with increased effect, 
and will cause the column sustained in the tube to rise. The 
weight of this column, combined with the elastic pressure of 
the air remaining in the receiver, is equal to the atmospheric 
pressure, because they are balanced by it, and it is therefore 
apparent that the elastic pressure of the air in the receiver must 
be equal to the excess of the atmospheric pressure above the 
weight of the mercurial column in the tube. Let us suppose 
that the common barometer stands at 30 inches, and that the 
column in the gau^e measures 27 inches, the difference between 
these, namely, 3 mches of mercuiy, will express the elastic 
force of the rarefied air in the receiver ; for the column of 30 
inches in the barometer measures the atmospheric pressure, and 
the column of 27 inches in the change must be added to the 
pressure of the rarefied air, in order to obtain the force which 
Dalances this pressure ; therefore the force of the rarefied air 
must be equivalent to the pressure of 3 inches, by which the 
barometric column exceeds the mercurial column suspended in 
the gauge. 

In small pumps, which are used on the table, gauges of this 
form are rejected in consequence of their inconvenient dimen- 
sions. An instrument calted a siphon gauge is then used, the 
principle of which is easily understood. A small glass tube, of 
8 or 10 inches in length, is bent into the form A B C D, repre- 
sented in fff, 24. The extremity A is closed, and 
the extremity D opened and furnished with a Fig, 24. 
screw, by which it may be attached to a tube con- 
nected with the tube T, Jig, 23., above the stop- 
cock C. Pure mercury is poured into the tube 
A B C D, ^fig. 24., until the leg A B is completely 
filled, ana the mercury rises to S about half an 
inch above the inflection B. The pressure of the 
atmosphere communicating freely with the sur- 
fkce S through D C will maintain the mercury in 
the space S B A, and will prevent the surface S 
from rising towards C by the pressure of the column 
B A. When D is screwed to the pump, and put * 
in communication with the exhausting tube T, j^ 
23., above the stopcock C, then the surface S wi! 
be pressed by tlie elastic force of the air in the recoiver R, 
with which it communicates. So long as that elastic force ia 
capable of sustainins the column of mercury in the leg B abov« 
the level of the surface S, tiiis instrument will give ao iadiaa* 
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lion of the degree of nrefaction ; but when, by the operatioii 
of the ayiingef the air in the receiver is so far exhaueted that 
its elastic force is unable to sustain the mercurial column in 
B A above the level S, then the mercury will begin to fall in 
the leg B A, and the surface S will rise in the leg B C. The 
column suspended in the leg B A, above the level S, will now 
be the exact measure of the elastic force of the air in the 
receiver which sustains it In this respect the siphon gauge 
must be regarded as a more direct measure of the elastic force 
of the air in the receiver than the barometer gauge. The lat- 
ter, in fact, measures, not the elastic force of the air in the 
receiver, but the difference between that elastic force and the 
pressure of the atmosphere. To obtain the elastic force of the 
*air in the receiver it is necessary also to ascertain the indica- 
tions of the barometer. The siphon gauge, however, gives at 
once the pressure of the air in the receiver. 

(150.) The air pump has been constructed from time to time 
in a great variety of forms, the details of which it would not be 
proper to introduce into the present treatise. The general 
principle in all is the same : they differ from each other chiefly 
m the construction of the piston and valves. 

In the form which has been above described, the air effects 
its escape from the receiver at each stroke of the piston by 
opening the suction valve V, ^. 23, Now in whatever way 
this valve is constructed it must require some determinate force 
to raise it ; and this force, in the case already described, is the 
elasticforce of the rarefied air remaining in the receiver. Thus 
the operation of the machine is accomplished by the presence 
in the receiver of the very a?ent which it is the object of the 
machine itself to remove, and from the very construction of the 
instrument it must cease to act while yet air of a determinate 
pressure remains in the receiver. 

This defect has been sometimes attempted to be removed by 
causing the suction valve to open, not by the pfessure of th^ 
rarefied air, but by some mechanical means acted upon by the 
piston. Such contrivances, however, are found to be attended 
with peculiar inconveniences which more tiian outweigh their 
advantages. Probably the most simple and the best contrivance 
is one in which the auction valve is altogether dispensed with, 
and the air passes freely through the open tubes from the 
receiver to the pump barrel. ' Let T,^. 95., be the exhausting 
tube which is carried from the receiver, and entera the pump 
barrel at a point distant from the bottom of the barrel by a space 
equal to the thickness of the piston. The piston P is a solid 
plu^, which moves air-tight in the barrel, and is propelled by a 
polished cylindrical rod which slides in an air-tight collar C in 
the top of the cylinder, which in this case is closed. A vai(ve is 
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placed in the top of the cylinder, which openi outwarda, and 
which may be constructed in the same manner as the ailk valvea 
akeady described. When the piston descends, it leaves a 
vacumn above it, the external air not being allowed admission 




through the valve at the top ; and when the piston arrives at 
the bottom of the barrel, it has passed the moutn of the exhaust- 
ing tube T, and fills the space below it The air in the receiver 
then expands into the empty pump barrel, and when the piston 
is raised, having passed the mouth of the tube T, the air which 
has expanded into the barrel is confined between the piston and 
the top, where, as the piston rises, it is condensed. Wlien it 
acouires sufiicient elastic force, it opejjs the valve at the top, 
ana is discharged into the atmosphere. ^K 

The valve in the top of the barrel is in jthis case continually 
under the atmospheric pressure, and therefore the air confined 
in the pump can never be driven through it, until it is condensed 
b the piston^ so that its force shall be greater than that of the 
u mosphere. From the causes already explained, arising from 
inaccuracy of mechanical construction, some small space must 
inevitably remain between the piston and the top of the barrel, 
even when the piston is drawn upwards as far as possible. This 
small space will contain condensed air, and the valve at C will 
cease to act, when the air which occupies this space exceeds 
the atmospheric pressure by a force less than the tension of the 
valve. 

When the piston is pressed to the bottom, a snuOl space will 
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likewiM remain between the piston and the bottom, which wiil 
b« occupied bj air, but at each aaccnt of the piston this air ex- 
pands, and is subject to constant diminution as the working of 
the pump is continued. 

The principal source of imperfection in such an instrument, 
independently of that which arises from the mechanical inac* 
curacy of its construction, depends on the tension of the valve 
in the top, and the pressure of the atmosphere upon it. To 
diminish this imperfection, the valve in the top is sometimes 
made to communicate by a pipe with a small subsidiary ex- 
hausting syringe, by which the pressure of the atmosphere on 
the valve may be partially withdrawn, so that a less force acting 
under the valve may open it. 

A perspective view of an air pump, with all its accompani- 
ments, constructed upon this principle, is exhibited in fij^, 26., 
where the several parts of the machine are marked with the 
same letters as the corresponding part in the sectional diagram, 
fig, 23. The subsidiary syringe just alluded to is also repre- 
sented at Q. It is worked by a handle H. 

Experiments mth the Air Pump, 

^151.) The pressure and elasticity of air are capable of being 
strikingly illustrated in various ways by experiments with the 
air pump. 

If a glass receiver, open at both ends, have a strong bladder 
tied upon one end, so as to be air-tight, and be placed upon the 
open end on the plate of an air pump, when the air is exhausted 
from the receiver, the pressure of the external atmosphere on 
the bladder will irameaiately cause its upper surface to be con- 
cave, and when the air is sufficiently rarefied within the receiver, 
the pressure on the bladder wiU burst it, producing a loud noise 
like the discharge of a pistol. 

Again, if a large glass bowl, having a bladder tied firmly on 
its mouth so as to be perfectly air-tight, be placed under the 
receiver of the air pump, on withdrawing the air, the elastic 
force of the air confined in the bowl being still undiminished, 
and being no longer balanced by the atmospheric pressure on 
the outside, the bladder will be blown into a convex form ; and 
when the air in the receiver is so rarefied that the elasticity of 
the air confined in the bowl sufi«jrs littlf resistance, the bladder 
will burst, and the air confined in the bowl will expand through 
the receiver. 

(152.) Fruit when dried and shriveled contains within it par- 
ticles of air, which are held in its pores by tlie pressure of the 
external atmosphere. If, therefore, this pressure be removed. 
we may expect that the air thus confined will expand, and if 
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there is no aperture in the skin of the fruit for its escape, it will 
distend the skin. Fruit in this case placed under a receiver 
will assume the appearance of ripeness by exhausting the air ; 
for the expansion of the air contained in the fruit, by inflating 
the skin, will give it a fresh, ripe appearance. Thus a shriveled 
apple will appear to grow suddenly ripe and fresh ; and a bunch 
of raisins will be converted into a bunch of ripe grapes. 

(153.) A flaccid bladder closed so as to be air-tight at the 
mouth contains within it a small portion of air. This air presses, 
by its elasticity, on the inner surface, which is resisted by 
the atmospheric pressure from without. If such a bladder be 
placed under the receiver of a pump, and the air exliausted, the 
external pressure being thus removed, the elasticity of the air 
included will cause the bladder to swell, and it will take all the 
20 
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appearance of being fully inflated* Such a bladder placed 
under several heavy weights will raise them 
Fig. 27. by the expansion of the air. 

(154.) Let a close glass vessel A B, fig, 27. 
^^ be partially filled with water, and let the tube 

C D be inserted through its neck, the end D 
being below the surface of the water ; the air 
above the surface will thus be confined. If 
such a vessel be placed under a receiver, and 
the air be withdrawn, the elastic force of the 
air confined in A B above the surface of the 
water will press the water up in the tube D C, 
from which it will issue in a stream at C, when 
the pressure of the atmosphere is sufficiently 
removed by rarefaction. 

(155.) By means of an air pump we are 
enabled to demonstrate that the power which 
. B causes water to follow the piston in a pump 
is the atmospheric pressure, by showing that the 
water will not follow the piston when that atmospheric pressure 
is removed. Let a small exhausting syringe, with its lower 
end in a vessel of water, be placed on the plate of the air pump, 
and let a glass receiver, open at the top, be placed over it. On 
the top of this receiver let a brass cap fitting it air-tight be 
placed, through a hole in the centre of which a metal rod ter- 
minating in a hook passes air-tight Let the hook be attached 
to tlie end of the piston rod, so that by drawing the rod up 
through the air-tight collar, the piston may be drawn from the 
bottom of the cylmder towards the top. If this te done before 
the air has been exhausted from the receiver, the water will be 
found to rise after the piston as in the common pump ; but as 
soon as the air in the receiver has been highly rarefied, it will 
be found that although the piston m^ be drawn up in the 
syrinffe the water will not follow it. This effect may be ren- 
derea visible by constructing the barrel of the pump or syringe 
of glass, through which the water will be seen to rise in the one 
case and not in the other. 

(156.) If an air-tight piston be placed in close contact with 
the bottom of a syringe not furnished with a valve, any attempt 
to draw it up will be resisted by the atmospheric pressure ; and 
.if it be forced to the top of the cylinder and there discharged, 
it will be immediately urged with considerable force to the bot- 
tom. The atmospheric pressure above the piston, acting with 
a force of about 15 pounds on the square inch, produces this 
effect ; for the space between the piston and the bottom of the 
cylinder not containing anv air, this pressure is unresisted. 
Now if this piston be intrbauced under the receiver of an air 
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pump, and be drawn up as already described, it will be found 
that in proportion as Uie air is withdrawn from the receiver, 
less and less force will be required to produce the effect ; and, 
at lenflth, the rarefaction will become so great, that the pres* 
sure of the remaining air is incapable of overcominff tlie friction 
of the piston with the cylinder, and it will, when drawn to the 
top, remain there, without returning to the bottom. In this 
state, let the air be re-admitted to the receiver ; the piston will 
then be immediately pressed to the bottom of the cylinder. 

(157.) The celebrated experiment of the Ma^deburgh hem- 
ispheres may be performed by means of an air pump. Two 
hollow hemispheres, constructed of brass, as 
Fig. 28. represented in fy^, 28., are so formed tiiat 

when placed mouth to mouth they shall be 
in air-tight contact. They are furnished 
with handles, one of which may be screwed 
off. In the neck to which this handle is 
screwed is a tube furnished with a stopcock. 
The handle being screwed of^ let the hem- 
isphere be screwed on the pump plate, and 
the other hemisphere being placed over it, 
let the stopcock be opened so as to leave a 
free communication between the interior of 
the sphere and the exhausting tube of the air 
pump. The pump being now worked, the 
mterior of the sphere wUl form the receiver 
from which all communication with the ex- 
ternal air is cut off, and rarefaction will be 
produced in it to any degree which may be 
desired. This being effected, let the stop- 
cock be closed ; and let the sphere be detached from the pump 
plate, and the handle screwed upon it. If then the two handles 
be drawn in opposite directions, so as to pull the hemispheres 
from one another, it will be found that they will resist with 
considerable force. If the diameter of the sphere be 6 inches, 
its section through the centre will be about 28 square inches. 
The hemispheres will be pressed together by a force amounting 
to 15 pounds for every square inch in the section. If 28 be 
multiplied by 15, we shall obtain 420, which is the amount of 
the force with which the hemispheres will be held togethes 
If one of the handles be placed on a strong hook, and a weight 
of 400 pounds be suspended from' the other, tlie weight will be 
supported by the pressure of the atmosphere. 

This was one of the earliest experiments in which tlie effects 
of atmospheric pressure were exhibited. Otto Guericke, the 
inventor of the air pump, constructed in 1654, a pair of such 
hemispheres one foot in diameter. The section through the 
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centre of Uiese was about 113 square inches, which, multiplied 
by 15, gives a pressure amounting to about 1700 pounds^ If 
the exhaustion were complete, the hemiipheres would be held 
together by Uiis force ; but, even tiiough incomplete, they were 
stm able to resist a prodigious force tending to draw them 
asunder. 

(158.) It is a consequence of the general theory of gravita- 
tion, tiiat under the same circumstances, bodies are attracted 
in proportion to their mass ; and hence it would follow, that all 
bodies, whatever be their masses, should fall at the same rate. 
Now the instances which most commonly come under our ob- 
servation seem to contradict this inference ; for we find a piece 
of metal and a piece of paper fall at very different rates, and 
still more different is the rate at which a piece of metal and a 
feather would fUl. The cause of this circumstance, however, 
b easily explained. The resistance offered by the air is pro- 
portional to the quantity of surface which the body presents in 
the direction of its motion. Now the metal may present a 
considerably less surface than the feather, while the force 
which it exerts to overcome the resist- 
ance is many times greater, because of 
its greater weight Hence it follows, that 
the resistance of the air produces a differ- 
ent effect on the metal compared with the 
effect which it produces on the feather ; 
but sll doubt will be removed if the feath- 
er and the metal are allowed to fall in a 
chamber from which the air has been 
withdrawn. A glass receiver is repre- 
sented in Jig. 29., which may be placed 
on the plate of an air pump, and on the 
top is placed a brass cover, which is air- 
tight Under this several brass stages 
are attached, constructed in the manner of 
trap doors on the hinges, and supported by 
small pins, which project from the sides 
of a metal rod, passing through an air- 
tight collar in the brass cover. By turn- 
ing this metal rod the pms may be 
removed from under the trap doors, and 
they will fall, disengaging whatever may 
^51. , ,^ be placed upon them. Suppose a piece 

K^^ ^ ^^^r^-^^ ^^k of coin and a feather be placed upon one 
^<^:^;^^—^^^^^^^ of these stages, supported by a projecting 
pin. This arrangement bemg made, let 
the brass cover be placed on the receiver, so as to be air-tight» 
«nd let the receiver be then exhausted by the pump. When a 
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high degree of rarefaction has been produced, let the rod be 
turned by the handle at the top, so as to remove the pin from 
under the stage ; the coin and the feather will be immediately 
let fall, and it will be observed that they will both descend at 
exactly the saiue rate, and strike the bottom at the same in- 
stant. Thi3 is the experiment commonly„kq<B^n by the name 
of " the rrninea and feather experiment." ^^^ 

(159.) The surgical process called cupping, consists in re- 
moving the atmospheric pressure from the part of the body 
submitted to the operation. A vessel with an open mouth is 
connected with an exhausting syringe. The mouth is applied 
in air-tight contact with the skin, and, by working the synnge, 
a part of the air is withdrawn from the vessel, and, conse- 
quently, the skin ^vithin the mouth of the vessel is relieved 
from its pressure. All the other parts of the body, however, 
being still subject to tlie atmospheric pressure, and the elastic 
force of the fluids contained in the body having on equal de- 
gree of tension, that part of the skin which is thus relieved 
from the pressure will be swelled out, and will have the ap- 
pearance of being sucked into the cupping glass. If the skin 
be punctured by lancets, the blood will thus be drawn from it 
in a peculiar manner. 

(130.) That the presence of air is necessary for the trans- 
mission of sound may be strikingly illustrated by the air pump. 
A small apparatus,^. 30., which, by being drawn upwards and 

Fig. 30. 
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downwards alternately, causes a bell to ring, is placed on the 
pump plate, and covered by a receiver with an open top. A 
Brass cover, furnished with a sliding rod, is placed upon this. 
The sliding rod is terminated in a hook, which catches the ap- 
paratus, and b^ which it may be alternately raised and lowered, 
without allowing any air to pass into the receiver. The appa- 
ratus being thus suspended in the receiver by a silken thread, 
80 that it shall not touch the bottom or sides, let the air be 
exhausted by the pump. When the rarefaction has been 
carried to a sufficient extent, let the rod be alternately raised 
and lowered, so that the bell shall ring. It will be found to be 
inaudible. 

If the air be now gradually admitted, the sound will at first 
be barely audible, but will become louder by degrees, until the 
receiver is again filled with air, in the same state as the exter- 
nal atmosphere. In this experiment care must be taken not to 
let the sounding apparatus rest on the pump plate, for it wUI 
then communicate a vibration to that, which will finally affect 
. the external air, and produce a sound. 

Tifec Condetising Syringe. 

condensing syringe is an instrument by which a 
greater quantity of air may be forced into a 
vessel than that vessel contains when it has 
a free communication with the external at- 
mosphere. 

Let A B, Jig. 31., be a cylinder furnished 
with a piston P, which moves air-tight in it 
Let C be a tube proceeding from the bottom, 
and furnished with a stopcock. Let us sup- 
pose this tube to communicate with the re- 
ceiver or vessel R, in which it is intended to 
condense the air. Let another tube D pro- 
ceed from the cylinder, also furnished with a 
stopcock. Let the piston be now drawn to 
^j the top of the cylinder, both stopcocks being 
^ open. The receiver R being in free com- 
munication with the atmosphere, will contain 
air of the same density and pressure as the 
external atmosphere. Let the stopcock O 
be now closed, and let the piston be pressed 
to the bottom of the cylinder ; the air confined 
in the cvlinder below the piston will thus be 
forced through the tube C into the vessel R, 
while the piston is pressed against the bottom 
B. Let the stopcock C be closed, so as to 
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prevent the escape of the ur from the vessel R, and let the 
stopcock D be opened, so as to allow a free communication 
between the cylinder A B and the external atmosphere. Let 
the piston be again drawn to the top of the cyhnder. The 
cylinder will tlien be filled with atmospheric air of Uie same 
density as the external atmosphere. Let the stopcock D be 
closed and C opened, and let the piston be once more forced to 
ihe bottom of the cylinder; the contents of tho cylinder will be 
thus again discharged, and forced into the receiver R. Let 
the stopcock C be again closed, and let the process be repeated. 
It is evident that at each stroke of the piston a volume of at- 
mospheric air will be forced into the receiver equal to the 
dimensions of the cylinder A B ; and there is no limit to the 
degree of condensation, except that which depends on the 
strength of the receiver R, and the cylinder and tubes, and on 
the power by which the piston is urged. 

Afler each stroke of the piston, the density of the air in R is 
increased by the admission of as much atmospheric air as fills 
the cylinder AB, and therefore the density, as the process ad- 
vances, receives equal increments at each stroke of the piston. 
Let us suppose that the receiver R has ten times the capacity 
of the cylinder A B, and let us suppose that the elastic pressure 
of the air in R at the commencement of the 
operation is expressed by the number 10. 
Afler the first stroke this pressure will be 
expressed by the number 11, inasmuch as 
the quantity of air in R has been increased 
by one tentli part of its volume. After the 
second stroke the pressure will be express- 
ed by the number 12 ; after the third by 
the number 13, and so on. 

In the form given in practice to the con- 
densing syringe, the necessity for manipu- 
lating by the stopcocks here representee! is 
removed. A silk valve, such as that de- 
scribed in the exhausting syringe is placed 
in the tube C, Jig. 32., but opening down- 
wards. The neck of the receiver R is fhr- 
nished with a stopcock and a tube, which 
terminates in a screw. This screw is con- 
nected with a corresponding one proceeding 
from the bottom of the syringe. By thS 
arrangement, the air is capable of passing 
through the silk valve fjrom the syringe to 
the receiver, but not in a contrary direction. 
A small hole is made through the piston, 
extending from the upper to the lower eur* 

Digitized by VjOOQ IC 




296 A TREATISE ON FNEUBfATICS. CHAP. ▼ 

ftce, and the silk valve is extended across this hole on the 
lower surface, so that air is capable of passing through this 
valve to the cylinder below it, but not in a contrary direction. 

Now let us suppose that the air in tlie receiver has the same 
pressure and density as the external atmosphere, and let the 
piston P be at the top of the cylinder, the air in the cylinder 
A B also having the same pressure and density as the external 
air. By pressing the piston towards the bottom of the cylinder, 
the air enclosed will become condensed, and by its increased 
pressure will open the valve V, and as the piston descends will 
be forced into the receiver R. When the piston has arrived at 
the bottom, all the air contained in the cylinder will be trans- 
ferred into the receiver. It will be retained there, because the 
valve V, opening downwards, will not permit its return. If the 
piston be now drawn up, it will leave a vacuum below it when 
it begins to ascend, but the pressure of the atmosphere above 
will open the valve V , and the air rushing through will fill the 
cylinder as the piston ascends ; and when the piston has arrived 
at the top of the cylinder, the space below it will again be 
filled with atmospheric air. By the next descent of the piston 
this air is forced into the receiver R as before, and so the pro- 
cess is continued. 

It should be observed, that when the piston P is drawn to the 
top of the cylinder, the air which has passed into A B has not 
quite so great a pressure as the external atmosphere. This 
arises from the valve V' requiring some definite force, however 
small, to open it. When the air which has passed into the 
chamber A B acquires a pressure which is les9 than the atmos- 
pheric pressure by an amount equal to the tension of the va)ve 
V, then the excess of the pressure of the atmosphere over the 
resistance of the air contained in A B will be insufficient to 
open the valve V, and no more air can pass into the cylinder. 
It should also be observed, that the valve V, being pressed up- 
wards by the elastic force of the air condensed in the receiver, 
requires a still greater pressure than this to open it, and there- 
fore before the valve V can be opened, the air enclosed below 
the piston P must always be condensed by the pressure of the 
piston in a higher degree than the air is condensed in the re- 
ceiver. The obser\'ations which have been made respecting 
the limit of the operation of the exhausting syringe, arising 
from mechanical imperfections and other causes, will also be 
applicable here. However iacely the piston P, and the cylin- 
der in which it plays, may be constructed, there will still be 
some small space remaining between it and the silk valve V, 
when it is pressed to ths bottom of the cylinder. Into this 
space the rar contained in tlio cylinder may, finally, be con- 
den:.--]; lii'J when tho j> •..■<.:;•- cf tho air 'ro::UihiVd in the 
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receiver becomes equal to the pressure of the air condensed 
into the space between the piston at the bottom of the cylinder 
and the silk valve, the operation of the instrument must neces- 
sarilv cease ; for then the utmost degree of condensation which 
can be produced above the silk valve V will be insufficient to 
open the valve, and therefojcp the syringe cannot introduce 
more air into the receiver, y^ 
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The '^ 



Condenser* 



(163.) The condenser has the same relation to the apparatus 
mst described, as the air pump has to the exhausting syringe. 
The condenser consists of a receiver firmly and conveniently 
fixed, communicating by a tube with one or two condensing 
syringes, which may be worked in the same manner as the ex- 
haustmg syringe described in the air pump. 

In the use of such an instrument, it is convenient to possess 
the means of indicating the degree of condensation which has 
been effected. For this purpose a mercurial gauge is used, 
analogous to that which is applied to the air pump. A bent 
tube, A B C, /^. 33., contains a small quantity 
Fig, 53. of mercury, S, B, S', in the curved part When 
the ends of the tube are open, and in firee com- 
munication with the atmosphere, the surfaces, 
S, S\ will stand at the same level. The ex- 
tremity C is furnished with a stopcock, by 
which a communication with the atmosphere 
may be permitted or intercepted. The extrem- 
ity A communicates by a tube with the receiver 
in which the air is to be condensed. At the 
commencement of the psocess, before any con- 
densation has taken place, the stopcock C is 
closed, and the air included between it and the 
surface S' has then the same pressure as the 
external atmosphere. The air in the receiver 
having also that pressure, the two surfaces S 
and 1^ necessarily stand at the same leveL 
When the condensation of air in the receiver commences, the 
pressure on the surface S is increased ; therefore that surfhce 
falls, and the surface S' rises. The pressure of the air con- 
densed in the receiver will thus be balanced by the weight of 
the column of mercury between the levels S and S', together 
with the pressure of the air enclosed between S' and C. But 
by what has been proved in (133.) it follows, that the pressure 
of the air enclosea in S' C is increased in the same proportion 
as the space S' C has been diminished. Now, as the original 
pressure of the air contained in this space was equal to the 
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pressure of the atmosphere, it is always easy to find the pres- 
sure of the air reduced in bulk by increasing' the amount of 
atmospheric pressure in the same proportion as the space S^ C 
has been diminished. Thus, if the air enclosed in the tube be 
reduced to half its original bulk, then the pressure it exerts 
will be double the atmospheric pressure. If it is reduced to 
two thirds of its bulk, then the pressure of the enclosed air will 
be to the atmospheric pressure in the proportion of three to 
two, and so on. The pressure thus computed being added to 
tlie pressure arising from the column of mercury between the 
levels of the surfaces S and S', will give the whole pressure of 
the air condensed in the receiver. 

AlUiough the condenser l^ not without its use in experiment- 
al physics, yet it is an instrument far less important than the 
air pump to which it is so analogous. The cases are innumer- 
able in which it is necessary to inquire what effect would take 
place in the absence of the atmosphere ; but they are com- 
paratively few in which it is necessary to investigate what 
effects would be produced under increased atmospheric 
pressure. 

We do not, therefore, think it necessary, in a treatise of this 
nature, to enter into further details concemmg tile condenser. 
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MACHINES FOR RAISING WATER. 

THE LIFTING PUMP. — PUMP WITHOUT FIIICTION. — ^THE SUCTION PUMP. 
— ^THE FORCING PUMP. — THE SAME WITH AIR VESSEL. — THE SAME 
WITH A SOLID PLUNGER. — ^DOUBLE FORCING PUMP.— ^HE FIRE EN- 
GINE. — SIPHONS. — THE WURTEHBURG SIPHON. 

(164.) Machines of a ffreat variety of forms, and constructed 
upon various principles, derived from mechanics, hydrostatics, 
and pneumatics, have been applied to the purposes of raising 
water above its natural level. These machines generally are 
called Pumps. 

The most simple machine of this description is that which is 
called 

Tht Lifting Pump. 

(165.) Let A B D 0,/^*. 34., be a short cylinder submerged 
in the well or reservoir from which the water is to be raised. 
This cylinder communicates by a valve r, with a tube or pipe 
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C E, which is carried upwards to whatever height it is required 
to raise the wateh A piston moves water-tiffht in the cylinder 
A D, and is worked by a rod or frame- 
work, as represented in the figure. 
This piston is furnished with a valve v, 
which opens upwards. 

When the piston descends, the pres- 
sure of the water opens the valve v, and 
the cylinder between the two valves is 
filled with water. When the piston 
is raised, the water between the valves 
being pressed against the valve x opens 
it, and is driven into the tube C £, 
from which its return is intercepted by 
the valve x. The water follows the 
piston in its ascent by the hydrostaticol 
pressure of the water in the reservoir 
outside the cylinder ; and on the next 
descent of the piston, water will again 
pass through the valve v, which will be 
driven through the valve x, on its next 
ascent 

The use of the valve x is evidently 
to relieve the valve v during the de- 
scent of the piston from the pressure 
of the column of water in the tube C E. If the valve v were 
subject to that pressure, it would fail to be opened during the 
descent of the piston by the pressure of the water in the well, 
because the level of that water is necessarily below the level 
of the water in the pipe C E. 

The use of the valve i; is to prevent the return of the water 
through the piston during its ascent. In drawing up the piston 
a force will be necessary sufficient to support the entire column 
of water from the valve v to the surface of the water in the 
tube C E. The actual amount of this force is the weight of a 
column of water, whose base is equal to the horizontal section 
of the piston, and whose height is equal to the height of the 
surface of the water in the tube C E above the valve v. It is 
evident that after each stroke of the pump, the pressure on the 
piston, and the force necessary to raise it, will be increased by 
the weight of a column of water whose base is the horizontal 
section of the piston, and whose height is equal to the increase 
which the elevation of the column m C E receives from the 
water driven through the valve x, 

(166.) The ingenious form of pump represented in^. 35. 
acts upon the principle of the lifting pump, though very diflfer 
ent from it in appeiurance. It is recommended by the circum- 
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■tance of beingr free from friction, or nearly so, and by being 
capable of being worked by the weight of an animal walking up 
an inclined plane, one of the most advantageous ways in which 
animal power can be applied. 

Let A B C D be a wooden tube of any 
^' ^ shape, round or square, which descends to a 

depth in the well or reservoir equal to the 
heifi^ht above the surfoce of the reservoir to 
which the water is required to be raised. 
Thus if A H be the height to which the water 
is to be raised above 3ie level of the well, 
then the depth G B must be at least equal to 
AH. L M is a heavy beam or plunder, sus- 
pended from a chain, and capable of descend- 
^M ^ .^ mg by its own weight in water. A valve v 
^^TSI I m covers an opening placed at the bottom of the 

tube or barrel. By the hydrostatic pressure 
the water will enter the valve v, and fill the 
barrel to the level of the water in the cistern. 
6 1 is a short tube proceeding from the side 
of the barrel, at the surface of the water, and 
communicating with the vertical tube A H 
by a valve H, which opens upwards. K is 
the spout of discharge. The plunder L M 
hangs loosely in the tube, so that it moves 
upwards and downwards perfectly free from 
friction. When this plunger is allowed to 
descend by its weight into the water which 
fills the lower part of the tube, the valve v is 
closed, and the water displaced by the plunger 
is forced through the valve H into the tube 
A H. When the plunder is raised, the valve 
H is closed, and the water thus forced into the tube A H 
cannot return. The water from the cistern then flows through 
the valve v, and rises in the tube to the level 6. The next 
descent of the piston propels more water into the tube A H, 
and this is continued so long as the piston is worked. 

The manner in which such an apparatus is worked by the 
weiffht of a man is represented in Jig. 36. Two pumps are 
used, such as that just described, and when the plunger de- 
scends in one it rises in the other. The two pumps communi- 
cate with one vertical pipe, which therefore receives a continual 
supply of water; for while tiie action of one pump is suspend- 
ed, the other is in progress. A man walks from one end cf an 
inclined plane to the other, and, by his weight upon one side 
or the other of the fulcrum, canses the plungers alternately to 
nseandialL NsI 
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The Suction Pump. 

(167.) The common suction pump is a large 83rTinge, which 
is connected with a tube, the lower extremity of which is plunged 
in a well, from which water is to be raised. This tube is 
called a suction pipe. 

Let W,^. 37., represent the well or reservoir from which 
the water is to be elevated, and let S O represent the suction 
tube. The lower end O of this tube being pierced with holes 
acts as a strainer, and prevents the admission of solid impurities 
into the pipe which might choke the pump and impede its 
action. At the upper end of the suction tube a valve x is placed, 
which opens ppwards, and at this point the tube is connected 
with the great syringe B C, furnished with a piston, in which 
there is another valve v, which also opens upwards, as already 
described in the exhausting syringe. The piston is worked 
alternately upwards and downwards in common pumps by a 
lever, caUed the brake, but may also be worked in many otier 
ways. At the commencement of the operation, the level of the 
water in the suction tube coincides with the level of the exter- 
nal water in the well, because both are subject to the same 
atmospheric pressure ; but when the syringe B C is worked, it 
will rarefy the air in Uie tube S O, on the principle and in die 
manner explained in (148.). The pressure of the air in S O on 
the surface of the water within it being thus dimimahed» and 
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rendered less than the pressure of the atmosphere on the exte- 
rior surface of the water in the well, a column of water will be 
forced in the tube S O by the excess of the atmo&pheric pres- 
sure. In proportion as the rarefaction of the air between the 
surface of the column suspended in the tube S O and the valve 
X is increased, in the same proportion will its pressure on the 
surface of the column be diminished, and so long as this dimi- 
nution is continued the height of the column will increase. 
There is, however, a limit to this height. If the air could be 
altogether withdrawn from the tube S O, and an absolute 
vacuum produced beneath the valve x, like that which exists 
above the mercury in the barometer, then the atmospheric pres- 
sure, acting with undiminished effect on the surface of the 
water in the well, would sustain a column of water in the tube 
S O, the weight of which would be equal to a column of mer- 
cury with the same base, and having the height of the mercury 
in the barometer. Now tlie specific. gravity of water is about 
13i times le.^s than that of mercury, and consequently a force 
whic^ could sustain a column of 30 inches of mercury would 
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support a column of water 13^ times greater in height If the 
barometer, therefore, be considered to stand at 30 inphes, the 
atmospheric pressure would support a column of water of about 
405 inches, or 34 feet From this consideration it will appear 
that if the operation of the syringe were perfect, and that an 
absolute vacuum could be produced below the valve x, still the 
water could never ascend through that valve by the atmospheric 
pressure, if its height above the level of the water in the cbtem 
exceeded 13j| times the height of the barometric column. In 
these countries the barometric column varies between 28 and 
31 inches in height, and therefore the valve x ought not to be 
more than 30 teet above the level of Uie water in the well. 
' But it is still to be observed, that the construction and opera- 
tion of the great syringe B C is subject to inevitable imperfec- 
tions, which are always greater the larger the scale on which 
the instrument is made. Even in small syringes accurately 
constructed, a degree of imperfection exists, which has been 
already noticed in the explanation of the exhausting syringe ; 
but such defects are greatly increased in a larger syringe, such 
as that used in common water pumps, where a common and less 
expensive mode of construction must be used. 

From these causes, a column of water, which can be raised 
in the tube S O, will be less than even 30 feet in height. It is 
obvious, however, that within this limit the leneth of the tube 
S O must be determined by the degree of excellence attained 
in the construction of the syringe C B. 

When the rarefaction has been carried to a sufficient extent, 
the tube S O being adjusted to a proper length, the column of 
water will rise until part of it pass through the valve x, and it 
will ascend to a level in the syringe B C, the height of which 
above the water in the well will be determined by the excess 
of the atmospheric pressure above- the pressure which continues 
to act on the surface of the water in C B. The water which is 
thus drawn into the syringe presses by its weight on the valve 
a:, and cannot return into flie suction tube. When the piston is 
now pressed down, it will act on the water which has been 
raised above tJie valve x in the manner of the lifting pump 
dready described, and the remainder of the process in raising 
the. water will be in all respects the same as that which has 
been explained in reference to the lifting pump. In this case 
the water raised through the suction pipe, and deposited above 
the valve x in the syringe, serves as a well to the syringe, con- 
sidered as a lifting pump. It is evident that, according as the 
water is elevated above the piston, the atmospheric pressure 
acting on the surface of the water in the well will force more, 
water through the valve x. In this way the process is contin- 
ied ; during every ascent of the piston water being raised 
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throngli the valve z, and dmuig each deaceot of the pialon tlie 
•ame quantity of water pasain||[ through the valve v. Aa the 
water accumulatea above the piaton, aa described in the lifting 
pump, it at length reaches tne apout firom which it it d^ 
charged. 

Fig.sr. 




Such is the construction and operation of the common house- 
hold pump. It may appear, at first view, that the pressure of 
the atmosphere sustaining the column of water in the suction 
tube furnishes an aid to the power which works the pump. 
This, however, is not the case ; at least not so in the sense m 
which it is commonly understood. To make this iutelligible,it 
will be necessary to consider somewhat in detail the forces 
which are in operation during the process. There are some 
forces which are directed downwards from the top of the syringe 
towards the bottom of the well, and others which are directed 
upwards. Now it is evident that the mechanical power applied 
to draw the piston up will have to overcome all that excess by 
which the forces downwards exceed the forces upwards. Let 
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US suppose a column of water resting on the piston, after having 
pajssed through the valve v. The upper surrace of this colunm 
IS pressed upon by the weight of the atmosphere ; the piston 
has, therefore, this weight to sustain. It has also to sustain 
the weight of the water which is above it The atmospheric 
pressure acting also on the water in the well, is transmitted bjr 
the quality of liquids explained in Hydrostatics, chap, ii., to 
the bottom of the piston ; but this effect is diminished by the 
weight of the column of water between the surface of the water 
in the well and the bottom of the piston, for the atmospheric 
pressure must, in the first place, sustain that column, and can 
onlv act upon the bottom of the piston in the upward direction 
with that amount of force bv which it exceeds the weight of the 
column of water between the piston and the well. The effect, 
therefore, on the piston is the same as if it were pressed down- 
wards by the weight of the column of water between the piston 
and the well, and at the same time pressed upwards by the 
atmospheric pressure. Thus the piston mav, in fact, be regard- 
ed as being urged downwards by the following forces, — ^the 
atmospheric pressure, the weight of the water i^iov&the piston, 
and the weignt of the water between the piston and the well 
that is to say, in fact, by the atmospheric pressure, together 
with tiie weight of all the water which has been raised fi-om the 
well. At the same time, it is pressed upwards by the atmos- 
pheric pressure transmitted from the surface of the water in the 
well. This upward pressure will neutralize or destroy the 
e^sct of the same atmospheric pressure acting downwards on 
the surface of the water above the piston, and the effective 
downward force will be the weight of all the water which is 
g6ntained in the pump.-^- - ^ 
v' By this reasoning, it appears that the pump tnust be worked 
Vith as much force as is equal to the weight of all the water 
wl^ch is in it at any time, and, therefore, that the atmospheric 
pressure affords no aid to the working power. 

Since the action of the pump in raising water is subject to 
intermission, the stream discharged from the spout wiD neces- 
sarily fiow by fits and irregularly, if some means be not adopted 
to prevent this. At the top of the pump a qistem may be con- 
structed, with a view to remove this inconvenience. If the 
pump be worked, in the first instance, so as to raise more water 
in a given time than is discharged at the spout, the column of 
water will necessarilv accumulate in the barrel of the pump 
above the spout. The cistern M N will, therefore, be filleo, 
and'this will continue until the elevation of the surface of tiie 
water in the cistern above the spout will produce such a pres- 
sure, that the velocity of discharge from the spout will be equal 
to the velocity with which the water is raised by the pist^ 
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The level of the water in the cistern will therefore cease to 
rise. This level, however, will he subject to a small variation 
as the piston rises ; for while the piston is descendinj^, the 
water is flowing from the spout, and no water is raised by the 
piston ; cqnseqaently the level of the water in the cistern falls. 
When the piston rises, water is raised, and the quantity in the 
cistern is increased faster than it flows from the spout ; conse* 
quentiy the level of the water in the cistern rises, and thus this 
level alternately rises and falls with the piston. But if the 
magnitude of the cistern be much g[reater than the section of 
the pump barrel, then this variation in the surface will be pro- 
portionally small, for the quantity of water which fills a part of 
the barrel, equal to the play of the piston, will produce a very 
slight chancre in the surface of the water in the cistern. The 
flow, theretore, from the spout S will be uniform, or nearly so. 

T9le Forcing Pump, 

(168.) The forcing pump is an instrument which combines 
the principles of the suction and the lifting pump. In /g« 38.* 

Fig. SB. 




C £ is a suction pipe which descends into the well, at the top 
of which is the suction valve V opening upwards. The pump 
barrel A B C D is furnished with a solid piston without a valve, 
and from the side of this barrel, just above the suction vidve, 
there proceeds a pipe which communicates with an upright 
cylinder G H, which is carried to the height to which the water 
is intended to be vaised. In the bottom of this cylinder if 
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placed a valve V, which opens upwards. In the commence- 
ment of the porocess, the suction pipe C E, and the chamber 
between the piston and valves, are filled with air. When the 
piston is depressed to the valve V, the air enclosed in the latter 
chamber becomes condensed, and, opening the valve V, a part 
of it escapes. On raising the piston the air below it becomes 
rarefied, and the air in the suction pipe, opening the valve V by 
its superior pressure, expands into tne upper cnamber : a part 
of it is expelled through the valve V, when t)ie piston next 
descends. During this process, it is evident that the pump acta 
as an air pump or exhausting syringe, and is in all respects 
equivalent to the instrument described in (148.). . When the air 
becomes sufficiently rarefied by this process, the atmospheric 
pressure forces water from the well through the suction pipe 
and the valve V into the chamber between the piston and the 
valves. When the piston now descends, it presses on the sur* 
face of the water, and the valve V opening upwards preventa 
the return of the water into the suction pipe ; while tne pres- 
sure of the piston, being transmitted bv the water to Uie valve 
V, opens it, and, as the piston descends, the water passes into 
Uie force pipe G H. The next ascent of the piston allows more 
water to pass through the valve V, and the next descent forces 
this water through 3ie valve V into the force pipe. By contin- 
uing this process, the <)uantity of water in the force pipe con- 
tinually increases, receiving equal additions at each descent of 
the piston. 

It is evident that the force pipe may be placed in any posi- 
tion, whether perpendicularly, obliquely, or horizontally, and 
that, in every case, the action of the piston will propel the water 
through it 

When the piston is pressed downwards, and the valve V m 
opened, it is necessary that the force which works the piston 
shoidd balance the weight of the column of water in the force 
pipe, for this weight is transmitted by the water between the 
piston and force pipe to the bottom of the piston ; consequently^ 
the height of the column of water in the force pipe will measure 
the intensity of the pressure against the base of the piston when 
the valve V' is open. A column of water about 34 feet in 
height, suspended in the force pipe, will press on the base of 
the piston with a force of about 15 pounds on each square inch, 
and the pressure at other heights will be proportional to this. 
The force necessary to urge t£e piston downwards may, there- 
fore, always be calculated. In drawing the piston up, tiie valve 
V is closed, and relieves the piston from the weight of the 
incumbent column ; if thd valve V is opened, the piston is sub- 
ject to the same pressure as in the suction pump. This ores- 
sure has been ahready proved to be equal to the weight or th" 
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column of water raised above the level of the water in the 
well. " 

It follows from this, that if the height of the force pipe be 
equal to the length of the suction pipe, then the piston must be 
pressed upwards and downwards with the same force ; but if 
the height of the force pipe be greater or kss than the length 
of the suction pipe, then the downward pressure must be greater 
or less, in the same proportion, than the force which draws the 
piston up. In fact, the force which draws the piston up in this 
pump, after the water has been raised to the valve, is uniform ; 
while the force with which the piston must be urged down- 
wards is continuallv increasing, until the water in the force pipe 
reaches its point of discharge, and until the discharge becomes 
equal to the supply. 

The supply of water by the force pipe through the valve V, 
is evidently mtermittin^, being suspiended during the ascent of 
the piston ; it follows, uierefore, that the flow from the point of 
discharge will be liable to the same intermission, if means be 
not adapted to counteract this effect A cistern placed at the 
top of uie force pipe, as already described in the suction pump, 
may serve the purpose, but it is generally more convenient to 
nse an apparatus called an air vessel, which is represented in 
Jig. 99. Immediately above the valve V a short tube comma- 

Fig. 59. 




nicates with a strong, close vessel of sufficient capacity ; through 
the top of this vessel the force pipe G H passes, and descends 
to a point near the bottom. By the action of th^ pump the 
water is forced into the vessel M N, and when its surface rises 
above the mouth H of the force pipe, the air in the vessel M N 
is confined above the water; and as the water is gradually 
forced in, this air is compressed, and acts with increased elastic 
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force on the gur&ce of the water : this pressnro forces a colamn 
of wator into the pipe H G, anci maintains that colamn at an 
elevation proportional to the elastic forcp of the condensed air. 
When the air in the vessel M is reduced to half its original 
bulk, it will act on the surface of the water with double the 
atmospheric pressure ; meanwhile, the water in the force pipe 
being subject only to once the atmospheric pressure, there is 
an unresisted upward force equal to tne atmospheric pressure 
which sustains the column of water in the tube : a column will 
then be sustained about 34 feet in height When the air it 
reduced to one third of its original bulk, the height of the col- 
umn which it can sustain is w feet, and so on. If the force 
pipe terminate in a ball pierced with small holes, so as to form 
tijet iTeaUf the elastic pressure of the lur on the surface will 
cause the water to spout from the holes. 

It is of great importance in the forcing pump that the piston 
should be truly water-tight in the cylinder, ana in practice Uiie 
is not always very easily accomplished. The arrangement 
represented in Jig. 40. is better adapted to insure the perfect 
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action of the pump than the form of piston already represented. 
In this case a polished cylindrical metal plunger P passes 
through a collar of leathers A B, which exactiy fits it ; and it is 
maintained perfectly air-tight and water-tight by being lubri- 
cated with oil or tallow. When the plunder is raised, the space 
it deserts is replaced by the water which rises through the 
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ralve V ; and when it descends, the water which filled the space 
jnto which it advances is dnven before it, through the valve V^, 
into the force pipe. >«• 

' Jf the forcing pump, represented in Jig. 38., be attentively 
coiisidered, it will be perceived that the principles on which 
the piston acts in its ascent and descent are peifectly distinct. 
In its ascent it is employed in drawing the water from the suc- 
tion pipe into the pump barrel, and in its descent it is employed 
in forcmg that water from the pump barrel into the force pipe. 
Now the piston being solid, and not frirnished with any valve, 
there is no reason why its upper surface should not be employ- 
ed in raising or propelling watejr, as well as the lower. While 
the lower surface is employed in drawing water from the suc- 
tion pipe, the upper surface might be employed in propelling 
water into the force pipe ; and, on thp other hand, in the de- 
scent of the piston, when the lower surface is employed in pro- 
pelling water into the force pipe, the upper surface might be 
engaged in drawing water from the suction pipe. - To accom- 
plish this, it is only necessary that the top of the cylinder should 
be closed, and that the piston rod shoidd play through an air- 
tigHt collar, the top of the cylinder communicating* with the 
force pipe and the suction pipe, as well as the bottom. 
Such an arrangement is represented in Jig. 41. When the 

Fig: 41. 




piston ascends, tho suction valve F is opened, and water is 
drawn into the pump barrel below the piston ; and when the 
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piston descends, the suction valve F is closed, and the pressure 
of the piston -on the water below it opens the valve C, and pro- 
pels the water into the force pipe C G. Also, while the piston 
IS descending, water rises through the suction valve E into the 
barrel above the piston; and when the piston ascends, the 
water being pressed upwards keeps the valve E closed, and 
opens the valve D, and is thus propelled into the force pipe. 
Bv this arrangement the force pipe receives a continual supply 
of water from the pump barrel without any intermission ; and 
in like manner the puinp barrel receives an unremitting flow 
from the suction pipe. This will be distinctly seen, if it is con- 
sidered that either of the two suction valves E or F must be 
always open. If the piston descends, the valve E is open and 
F is closed ; and if the piston ascends, the valve E is closed and 
the valve F is open: a stream, therefore, continually flows 
through the one valve or the other into the pump barrel. In 
like manner, whether the piston ascends or descends, one of 
the valves C or D must be open ; if it descends, the valve D 
is closed and C is open ; if it ascends, the valve D is open and 
C is closed. 

The Fire Engine, 

(169.) The flre engine is subject to a variety of different 
forms, which all, however, agree in one principle. It generally 
consists of a double forcing pump communicating with the 
same air vessel, and instead of a force pipe a flexible leather 
hose is used, through which the water is driven by the pressure 
of the condensed air in the air vessel. A section of the ap 
paratus is represented in Jig. 42. T is a pipe which descends 
into the receiver, or to any vessel containing the supply of 
water. This pipe communicates with two suction valves V, 
which open into the pump barrels of two forcing pumps A B, 
in which solid pistons P are placed. The piston rods of these 
are connected with a working beam, so arranged that a number 
of different persons may act on both sides of it. Force pipes 
proceed from the sides of the pump barrel above the valves V, 
and they communicate with an air vessel M, by means of valves 
V, which also open upwards. The pipe descends into the air 
vessel near the bottom, as already described in^. 39. This 
pipe is connected with the flexible leathern hose L, the length 
of which is adapted to the purposes to which the machine is to 
be applied. The extremity of the hose may be carried in any 
direction, and may be introduced through the doors or windows 
of buildings. By the alternate action of the pistons, water is 
drawn through the suction valve, and propelled tbrouffh the 
forcing valves V, until the air in the top of the vessel M bo« 
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emnes highly compressed. This pressure acts contii\uaIly on 
the surface of the water in the vessel, and forces it through the 
leathern hose, so as to spout from its extremity with a force 
depending P^y on the de^e of condensation, and partly on 
the elevation of the eictremity of the hose above the level of 
the engine. It is to be considered that the pressure of the 
condensed air has, in the first instance, to support a column of 
water, the height of which is equal to the level of the end of 
the tube above the level of the water in the air vessel ; and 
imtil the pressure of the condensed air exceeds what is neces- 
sary for this purpose, no water can spout from the end of the 
hose ; and, subs^uently, the force with which it will sa spout 
will be proportional to the excess of the pressure of the con- 
densed air above the weight of the column of water, whose 
height is equal to the elevation of the end of the hose above 
the level of the water in the air vessel.* 

The Siphon. 

(170.) The siphon is a contrivance by which a liquid may be 
conducted from one vessel to another through an intermediate 
channel or pipe, which rises above the natural level of the 
liquid. 

Let p,^. 43., be a cistern containing a liquid, and let B be 
the height over which it is necessary to conduct that liquid. 

* Th« rMinaoM of atnotplMric pnMiut ii not htn «oiuiidM«d.— Ak. Es 
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Let A B C be a bent tube open at both ends, and let the leg 
B A be immersed in the liquid which it is required to transter» 
and let the end C be directed into the vessel to which it is in* 




tended to remove it Let the air which fills the tube D B C be 
drawn from it by the mouth applied at C, or by an exhausting 
syringe. The atmospheric pressure immediately taking effect 
on the surface D or the water in tb« cistern will press the 
water into the tube A B, towards the point B ; and if the point 
B be not at a greater height above the level of the cistern than 
34 feet, then the water will rise to the highest point B, and will 
flow so as to fill the entire tube to the mouth C. 

To comprehend the principle upon which the siphon art^, let 
us suppose the water at the point B acted upon by two pres* 
sures, one towards C, and the other towards D. It will move 
in the one direction or in the other according as tlie one or the 
other pressure prevails. The atmospheric pressure acting on 
the surface D supports the column m the siphon between the 
surface and the point B, and it presses the water at 6 towards 
C with a pressure equal to the amount by which the atmos- 
pheric pressure exceeds the weight of the column D B, which 
It sustains in the siphon. The atmospheric pressure also acts 
at the mouth C of the siphon, and is resisted by the weight of 
the column C B. It exerts a pressure on the water at B, 
amounting to the excess of the atmospheric pressure above the 
weight of the column C B. Thus it appears that tlie water at 
B i3 'urged towards C by a force eq-al to that pressure by 
which the atmospheric pressure exceeds the weight cf the 
water in B D, and this force is resisted by a force equal to that 
by which the same atmospheric pressure exceeds the weight 
of the wat3r in C B. No v, since the atmospheric pressure 
exceeds the weight of the water in D B by a greater quantity 
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than It exceeds the weight of the water in B C, it follows that 
B will be urged towards C with a greater force than it is urged 
towards D, and, therefore, that it will move towards C. It i« 

Fig. 43. 




evident that the excess of the force which urges' it towards C 
above the force which urges it towards D will be equal to the 
weight of the column of water C which is contained in the 
longer leg of tlie siphon below the level of the water in the 
cistern D. 

If the leg of the siphon terminate at !>, the forces which 
would act on the water at B would be equal, for the one would 
be the atmospheric pressure diminished by the weight of the 
water in B D, and the other would be the atmospheric pressure 
duninished by the weight of the water in B IK ; but the weight 
of the water in BD and BD' being equal, the forces which act 
on the water at B will also be equal ; therefore no water will 
flow from the siphon. If the leg of the siphon terminate above 
D', as at E, then Uxe pressure on the water at B, the siphon 
being supposed to be filled, will be greater in the direction at 
B D than in the direction at B C, and, therefore, the water will 
flow back into the cistern, and the siphon will be useless. 

Let F G be a vessel to which the liquid is to be transferred. 
When it rises in tliis vessel above the mouth C to any higher 
level, as L, then the weight of the water in the leg below L 
will be balanced by the pressure of the water in the vessel F G 
and, therefore, the efficient leg of the siphon will be B L. Tkusl 
as the surface of the water rises in the vessel F G, the actual 
leg of the siphon is shortened. When the surface L has risen 
towards the level of the surface D, then the legs of the siphon 
become equal, and, by what has been already stated, its lictton 
must cease. 
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r--^t thus aj^an that the siphon is merely an instrument used 
in decanUng a liquid, biit that it does not perform the office of 
a pump in raising it above the level which it held in the vessel 
from which it is drawn. 

The process of exhausting tlie syringe by suction, or othey 
wise, is frequently difficult and always inconvenient But this 
may be avoided by presenting the legs of the siphon upwards 
in the first instance, and having stopped the shorter leg with 
the hand, filling the siphon through the longer leg C B. Both 
ends of the tube being then stopped, let them be pressed down- 
wards, the shorter leg being introduced below the water in the 
cistern, and the longer leg being carried over the vessel in 
which the liquid is to be decanted. 

The process of exhaustion is sometimes facilitated in the 
following manner : — A small tube proceeds from the lone^er 
leg near its extremity at D, Jig. 44. The extremity A be*^" 

Fig, 44. 




immersed in the liquid, and the extremity C being stopped by 
the hand, the mouth applied at the extremity E of the subsid- 
iary tube will exhaust the siphon and cause tlie water to rise 
in it 

When the siphoQ is constructed upon a very large scale thia 
process is impracticable. In that case botli ends of tlie tube A 
and C may be first plugged, and a hole being made at tiie 
highest part B, the instrument may be filled with liquid. The 
hole through which it is filled bein^ then plugged, and the 
extremities opened, the instrument will act. A siphon of any 
magnitude may thus be constructed, and water may be carried 
over a hill, the perpendicular height of the top of the siphon 
not exceeding SW feet above the level of the reservoir from 
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which the water is to be drawn ; but it m obvious, also, that the 
basin into which it is discharged must not be higher than tho 
level of the receiver from which it is drawn. 

The Wurtemburg siphon has the convenience, when once 
filled, of always remaimng so, the waste by evaporation only 
being supplied. This instrument is represented in Jig. 45. 

Fig. 45. 




When not in use, i£tn^y*J)eitu&gCiq)JU]^on a hook or nail by 
the curved part A The ends p an4 J^ J^ill then be presentfecC 
.^pwapdsytti^lfi|t!iid»b&ii^"^e|Eu^ed Qi th«^ siphon tl^ tbe atmqi^: 
jihtric'pteksifpe sttix^SMl^bQtlfsurfftdBes at^D^nd &.^ When* 
the* ie^ B C n 18 immersed in a vessel of ^qgiidt ^o Surface D 
is pressed dowx( by'tfie weight •o^'fheMnpiioibetttiliduid, and 
also ByS tfiet^albflbjpji'^c «pres^ftrp''iqptfc^ This 

pres^e Is triihsmitted to B, where it is resisted by the atmos- 
pheric pressure only ; consequently the water wUl b3 driven 
from £ with a force equivalent to the hydrostatic pressure on 
the surface D. 
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CHAP. VII. 

THE AIR OUN, AIR BALLOON, AND DIVING BELL. 

THE AIR nUM —FIRST ATTEMPTS AT RALL00M8.— -LAHA'S BALLOOfT OF 
RAREFIED AIR. — FIRE BALLOONS.-— MO VTeOLFIER^S BALLOOR.— 
FIRST ASGEKT. — BALLOOKS INFLATED WITH HTDROOEN. — PARA- 
CBUTEd— BLANCHARD'S EXPERIMENT.— CAUSES OF THE EFFICACY 
OP THE PARACHUTE.^— ASCENT OF OAT LU8SAC AND BIOT.— -APPEAR- 
ANCES IN THE HIGHER REGIONS OF THE ATMOSPHERE. — THE 
DIVING BELL. 

Tke Air Gun. 

(171.) The air ffun is an instrument for projecting balls or 
other nussiles by uie elastic force of condensed air. 

A strong metal ball is constructed, furnished with a small 
hole, and a valve opening inwards : in this ball air may be 
condensed to any degree which its strength is capable of 
bearing, by means of a condensing syringe screwed into the 
hole. 

When this condensation has been accomplished, the ball is 
detached from the syringe and screwed at the breech of a gun, 
constructed so that a trigger is capable of opening the v2ve. 
The ball being placed in the' barrel near the breech, and fitting 
the barrel so as to be air-tight, is exposed to the pressure of 
the condensed air the moment the valve is opened : this pres- 
sure propels it along the barrel, and continues to act upon it so 
long as the valve is opened. It is thus projected nom the 
gun in the same manner as that in which a ball is urged by the 
expansive force of exploded gunpowder. The force of proiec- 
tion obviously depends on the degree of condensation which is 
given to the air in the ball. 

The stock of the gun may contain a magazine of balls, and 
be furnished with a simple mechanism by which these balls 
may be transferred in succession into the barrel, so that the gun 
is easily and quicklv loaded after each discharge. 

The magazine of condensed air may receive different shapes 
and be diflSrentlv arranged ; but that which is now describea is 
one of the best forms for it. 

The M' Balloon. 

(172.) The physical conditions under which a solid body im- 
mersed in a liQiud will rise to the surface, sink to the bottom 
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or remain suspended, hare been fully delailcd in a fonner part 
of this volume. (Hydrostatics, chap, v.) 

If a body be heavier than the quantity of liquid, the place of 
which it occupies, it will sink by that preponderance. If it be 
equal in weight to the liquid it displaces, it will remain sus- 

g ended, as the liquid itself would ; but if it be lighter than the 
quid which is displaced, the superior weight of the surround* 
ing liquid will press it upwards, and will cause it to ascend to 
the surface. 

Liquids being incompressible, all their strata have the same 
density, or nearly so ; and, consequently, a solid which at one 
depth is lighter than the liquid which it displaces, will also be 
lighter at every depth. Consequently, if a solid has a tendency 
to rise towards the surface at any depth, it will continue so to 
rise until it reach the surface. If, however, the strata of liquid 
approaching the surface had gradually decreased in density, 
then the solid, which was lighter, bulk for bulk, than an inferior 
stratum, might be equal in weight, bulk for bulk, to a superior 
one, and heavier, bulk for bulk, than others nearer to the sur- 
face. Thus, such a body would rise at certain depths, but at 
other lesser depths it would sink ; and at the depth of a certain 
stratum it would remain suspended. 

The property of liquids, which is the cause of* these phe- 
nomena, is their power of freely transmitting pressure. This 
will be plainly perceived by referring to (55.), where it is shown 
that the solid rises to the surface by the pressure of the column 
of the liquid whose base is contiguous to it, and rests on the 
same level, and which pressure is transferred to the base of the 
solid > by the inferior strata of liquid. Now this property of 
transmitting pressure is common to elastic fluids, and we are, 
therefore, warranted in the inference, that a solid suspended in 
a gaseous fluid, which is lighter, bulk for bulk, than the fluid, 
win rise ; that if it be heavier, bulk for bulk, it will fall ; and 
if it be equal in weight, bulk for bulk, it will remain suspended. 
That a solid, therefore, may rise in the atmosphere wiUi any 
given force, it is only necessarv that its weight should be less " 
u&Q the weight of the air which it displaces l)y the amount of 
that force. Upon this principle balloons are constructed. 

The method of constructing a balloon, which naturaUy first 
suggests itself, is to exhaust a large' chamber of the air which 
it contains, so as to render it a vacuum, or nearly so : it will then 
continue to displace the same quantity of atmosphere as before, 
but its weight will be diminished by tne weight of the air with- 
drawn from the chamber, and it wiU have a disposition to rise 
in the atmosphere proportionate to the diflTerence between the 
actual weiffht of the materials which form the chamber and the 
weight ofw air whose place it occupies. This was, accord- 
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mgly, the method adojlbed in the earliest attempts on record to 
construct balloons. About the middle of the seventeenth 
century, a Jesuit named Francis Lana constructed four hollow 

Sheres of copper, each twenty feet in diameter, and so thin 
at the total weight of the copper composing them was lese 
than the weight of the air which they would displace. 

He proposed to attach these spheres to a boat furnished with 
a sail, as represented in Jig, 46., by which means he hoped to 
traverse the clouds. "^ 




The method of exhaustion which Lana possessed was insof* 
ficieut to accomplish his purpose ; but even had it been other- 
wise, the atmosoheric pressure acting on the external surface 
of the attenuatea metal globes would have crushed them, and 
proved the project to be mipracticable. It may be stated gen* 
erally, that no known solid possesses sufficient 8tren|^h to 
enable a globe, or * any other vessel formed of it, to resist the 
atmospheric pressure from without, when that pressure is not 
balanced by a corresponding pressure from witmn, unless it be 
made of so great a thickness that its weight will very muc]^ 
exceed the weight of the air which it displaces. 

To give sufficient buoyancy to a large hollow body, and at 
the same time to secure it from the effect of atmospheric pres- 
sure, it will be therefore necessary to fill it with some elastic 
fluid which will, by its elasticity, balance tlie effect of the ex- 
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ternal air, and, by its small specific weight, produce a degree 
of buoyancy sufficient to raise the materials of which it is 
constructed. In this case, as the forces which act on the bal- 
loon are held in a state of equilibrium, or nearly so, no eztraor- 
dinaiT decree of strenj^ is required, and any extremely light 
and flexible substance impervious to air or gas may be \i8e£ 

The most obvious conlxivance which is suggested by these 
considerations is atmospheric air rarefied by heat ; for in* this 
case, the expansion produced by the heat gives the same degree 
of elasticity with a much less quantity of atmospheric air 
To explain this, let a glass bulb A be furnished with a tube T 
which, rising from it to the extremity at which it is curved, 
descends into a vessel V, Jig, 47., containing water or other 




liquid : the air is thus enclosed in the tube in the common state 
of the external atmosphere. Let a spirit lamp, or any o^er 
source of heat, be now applied to the bulb at A ; the air in the 
bulb, receiving increased elasticity from the heat, will press the 
water towards the mouth of the tube, and, rising in bubbles, 
will escape at the surface of the water. This will continue 
until the air in tlie tube is highly rarefied ; still, however, 
retaining a degree of elasticity sufficient to balance the atmos- 
pheric pressure actinia on tne surface of the water in the 
vessel, and transmitted by it to the surface of the water in the 
tube. Tliat the air in the tube is highly i-arefied, may be veri- 
fied by removing the lamp from the bulb : as the tube cools, the 
air will contract itself mto its former dimensions, and the 
pressure of the atmosphere will force the liquid through the 
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sumth of the tube and over the curved part into the bulb. It 
will be found, that in this way the bulb and tube will be filled, 
with the exception of a very small bubble of air, which will 
remain suspenaed at the highest point of the tube : this bubble 
will have the same temperature as the external air, and the 
same pressure ; and it is obvious, that this is as manv timee 
lighter than the air which originally filled the tube and bulb, aa 
its present magnitude is less than the whole contents of the 
^ birfb and tube, ""^s^ 

^^v^ If, instead of -Kglass bulb, we take a large spherical ba^f con* 
Btructed of anv light substance, and having in one part a circular 
opening or hole, this ba^ may be distended by blowinir into it 
common air. If the hole be then presented downwaros, and a 
lamp suspended beneath it, the flame of the lamp will gradually 
increase the temperature of the air contained in the bag : it 
will thus acquire increased elastic force, by which a part will 
be expelled at the hole under which the lamp is suspended. 
This process of rarefaction will be continued so long as the air 
contained in the bag receives increased temperature from the 
heat of the lamp ; but throughout the whole process the elastic 
force of the rarefied air will be equal to the external pressure 
of the itmosphere, and the bag will be subject to no force tend- 
ing either to burst it or to crush it. 

Such a bag, if constructed of sufficient magnitude, may by 
these means be rendered lighter than the air which it displaces. 
It will thus have a corresponding buoyancy, and will ascend in 
the atmosphere with a force equal to the difference between its 
own weight and the weight of the air which it displaces. 

The application of these principles forms the first successful 
attempt in aeronautics. In tlie year 1782, two paper-makers, 
namea Montgolfier, residinff at Annonai, in France, constructed 
a bag of silk, in the form of a square box, containing about 40 
solid feet when filled. In the bottom of this was placed an 
aperture, under which burning paper was applied: it ascended 
to nearly 100 feet in the air. The experiment was immediately 
instituted on a larger scale. A balloon, constructed of a capaci* 
ty exceedinff 700 solid feet, rose in the same manner to an 
elevation ormore than 600 feet A balloon in the spherical 
form, but on a scale still larger, was next constructed ; it con* 
tained 23,000 feet, and had a buoyimcy capable of raising 500 
pounds. It ascended in the atmosphere to a height of about 
6000 feet. 

Hitherto the experiments were confined to the object of 
ascertaining the mere possibility of ascending in the atmos* 
phere; and, in some cases, the effects procmced on animal 
life at great elevations were tried, by sending up varioui am 
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wkfi eonUined in a buket of wicker-woik suspended j&om the 
balloon. 

At length, in the latter end of the year 1783^ a balloon waa 
constructed at Paris, with a yiew to transport one or more per- 
sons into the higher regions of the atmosphere. This machine 
was composed m an emptical bag, 74 feet in height and 48 in 
diameter. Immediately under an aperture in the bottom of the 
bag was suspended an m>n grate within reach of the aeronaut, 
on which was placed the burning fUel to maintain the rarefac- 
tion within th6 balloon. An ascent was made to a height of 
about 9000 feet by M. Pilatre de Rozier and the marquis d'Ar- 
landes. After tms experiment various others succeeded in 
balloons constracted in the same ipanner. 

The first projector of these balloons conceived that the 
machine owed its buoyancy to the gaa produced by the fire, 
and which with an elastic pressure ec^ual to the air was specif- 
ically lighter ; still the mechanical pnnciple of the ascent was 
not mistaken. 

The step firom fire balloons to balloons filled with gas specif- 
ically lighter than atmospheric air, of the same pressure, was 
now easy and obvious. The ^ at present denominated 
hydrogen #as submitted to a series of experiments, by which 
it was found that its specific gravihr was only one seventh of 
that of common atmospheric air^ It was obvious, therefore, 
that a balloon filled with this gas would have considerable 
buoyancy. Balloons were accordmffly constructed and inflated 
with this gas, and various ascents have since been made, the 
particulars of which would not be suitable to the limits of the 
present treatise 

The density of each stratum of air being proportional to the 
pressure under which it is placed, it follows that in ascending 
m the atmosphere the strata will have less and less specific 

Savity. A balloon, therefore, containing gas which balances 
e lower strata, will, if it be completely filled, have a tendency 
to burst when it has ascended into the higher strata ; for the 
gas, not having room to expand, will maintam its original elastic 
force, while the atmospheric pressure, being diminished in the 
ascent, will cease to balance this elastic force of the confined, 
gas. There will then be a bursting pressure equivalent to the 
excess of the atmospheric pressure of the lower strata over the 
atmospheric pressure in de strata to which the balloon has 
ascended. ' 

These effects may be provided against by imperfectly filling 
the baUoon in the first instance, so that as it ascends, the gas 
which it contains will have room to expand, and thus, whil^ the 
pressure of the atmosphere is diminished, the elastic pressure 

' • ■ . • ■ ^ -' ! ' ' ■'•'''. ' ' " 
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of the ffu in the balloon will be diminished in the tame propor- 
tion. Bo long 88 the atmospheric pressure is not diminished to 
that degree which would cause the gas enclosed in the balloon 
to expand, so as to completely inflate it, no force tending to 
burst the balloon can exist ; but should the ascent be continued 
to a greater height, then a bursting pressure will be called into 
action by the pressure of the atmosphere being diminished in a 
greater degree than the elastic force of the gas in the balloon. 
In this case the danger may be removed by the provision of a 
valve opening in some convenient part of the balloon, by which 
a part of the gas may be allowed to escape. Such a valve is 
also necessary in order to enable the aeronaut to descend at 
pleasure. Without it he would be compelled to remain in the 
atmosphere as lon^ as the balloon continued to retain the gas 
with which it was inflated ; but provided with such a valve, he 
can allow anv portion of the gas to escape, and thereby diminish 
the maenituae of the balloon, and consequently produce a cor- 
responding decrease in its buoyancy. 

By analogy we should infer that the power of ascending at 
pleasure would be obtained by being able to supply, an increased 
quantity of gas to the balloon ; but this would not be easily 
practicable ; and, accordingly, the power of ascending has been 
obtained by carrying up sand-bags, or other weights called 
ballast, by throwing out which the machine is lightened, and 
caused to ascend ; or if from any accidental cause it shoidd be 
found to fall with dangerous precipitancy, its rate of descent 
may be retarded by throwing out tq^i ballast 

The principal cause of danger attending aeronautical experi- 
ments arises from the accidental escape of the ffas from the 
balloon; and it has consequently been a desirable object to 
contrive means, in such cases, for rendering the fall of the 
aeronaut less liable to dangerous effects. With this view, an 
apparatus has been contrived, called a paraeh/ute. It la usually 
formed like a large umbrella, which spreads above the car witn 
its concave side presented downwards. The effect of this 
acting a^nst the air below is to break the descent, and after 
a short time the rate of descent becomes uniform, instead of 
being, as heavy bodies generally are, accelerated. The magni- 
tude of the parachute may be such, that the rate of descent shall 
be so slow Uiat no danger is to be apprehended from the con- 
cussion attending the fidl. If, therefore, the aeronaut descend 
on land, his safety is insured. 

The subjects of the first experiments with the parachute were 
naturally inferior animals. M. Blanchard dropped a dog sus- 
pended firom a parachute, firom the altitude of 6000 feet above 
tiie surface of the earth. A whirlwind interrupted its descent, 
and carried it above the clouds. The aeronaut soon after met 
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thepuachnte again ; the dog recognized its master, and express- 
ed his uneasiness and solicitude by barking; another current of 
air, however, carried him off, and he was lost sight of. The 
parachute with the dog descended soon after the aeronaut in 
■afet/. Ten vears after this, M. Gamerin made several suc- 
cennil expenmcnts with the parachute. He placed it half 
expanded between the balloon and the car, so as to spread like 
an umbrella above him. At the height of about 2000 feet he 
had the intrepidity to cut off iJie parachute and car from the 
bdloon. He descended slowly, the parachute gradualW unfold- 
ing itself, and finally reached the ground in safety. The same 
experiment was several times repeated with similar success. 
In one case he descended from the perpendicular height of 8000 
fe«t. . , - , 

As the balloon derives its eflScacy from the weight of the 
atmosphere, the parachute depends on the inertia of that fluid. 
In descending, the broad concave surface of the parachute must 
drive before it the column of air extendinff from its surface to 
the ground ; but the circumstance on which its principal excel- 
lence depends is, that the resistance arising from this inertia 
increases in a more rapid proportion than the velocity of 
descent A double velocity in the parachute would produce a 
fourfold resistance in the air ; a threefold velocity would pro- 
duce a ninefold resistance ; a fourfold velocity a sixteenfold 
resistance ; and so on. The law of this resistance has been 
already fully explained respecting liquids in (107.) ; and it may 
be explained in the case of the atmosphere in exactly the same 
words ; but in the case of the descent of the parachute from 
great elevations, Aere is an obvious cause which roakee the 
resistance increase even in a more rapid proportion than is 
indicated by this law. The increase of the resistance in the 
proportion of the square of the velocity arises from the suppo- 
sition that the resisting fluid through which the body moves 
continues to be of the same density. Now this is not the case 
with the atmospheric air through which the parachute falls ; 
each stratum into which it enters has a density greater than 
that from which it descends, and consequently, on that account 
alone, will offer a proportionally increased resistance. This 
cause, added to the former, will very speedily compel the para- 
chute to descend with a uniform velocity. This velocity will 
be small in the same proportion as the parachute is large, and 
as the weight of the car and its contents is small. 

As the gas by which a balloon is inflated is lighter than the 
atriiosphere, the valve provided for its. escape, when the aero- 
naut wishes to descend, is placed usually in the top of the 
balloon. If it were placed in the bottom, even although it were 
open, the gaa would not escape ; at least not iu any considera- 
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U« qmmtitjr, nor with any degree of certainty. The eaperior 
nreeeore of the atmoepherey and the natural levity of the gat 
itaelf, would prevent its escape ; but when the valve is placed 
m the top, the gas wiU issue from it on the same principle as a 
lighter fluid rises in a heavier. The car which bears tiie aero* 
aaot is usoallv supposted by a net-work, which extends over 
the balloon ana which is connected with it by a nnmber of ropes 
isd iliittg% ae lepses^ted in^. 48. 

jFXr.48. 



The total impracticability of guiding or governing balloons 
in their course through the air, has Utherto prevented them 
from beinff applied to any purpose of extensive utility. Scien- 
tific men have, on some occasions, ascended in the atmosphere, 
with a view of observing at great elevations the effect or tem- 
perature, pressure, electricity, and other phenomena connected 
with meteorology. In 1804, M. Gay Lussac and M. Biot made 
an ascent from Paris, fUmished with various meteorological 
aj^paratus, to a height of upwards of 13,000 feet. Soon mer- 
wards, M. Gajr Lussac ascended alone, to a height of 73JJ90 
feet above Paris. In 1807, M. Gamerin ascended at ten o'clock 
at night from Paris, and, rising with unusual rapidity, soon 
attained an immense elevation above the clouds. By some 
neglect, the amratos for discharging the gas from the balloon 
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was fonnd to be uomanageable, and the high degree of rare- 
ikction at so great an elevation produced in the bdloon such a 
tendency to bnrst, that the aeronaut was obliged to cut a hole 
in the suk to allow the escape of the air. The balloon then 
descended with such rapidity, that he was obliged to counteract 
Its motion by casting out «J1 his baUast The bi^oon tiius' 
continued alternately rising and sinking for nearly eight hours,* 
during which he experienced the .effects of a thunder storm, hy^ 
which he was finally dashed against the mountains. He landed 
at Mont Tonnere, at a distance of 300 miles from Paris. 

The effects produced on the aeronaut by the rarefaction of 
the atmosphere at great elevations, are sensibly manifested in 
respiration ; the pulse is rendered more rapid, the head unusu- 
ally swelled, and the throat parched. 

The intense cold which also necessarily accompanies rare- 
fkction produces great inconveniences, and an irresistible 
disposition to sleep is felt 

It has been found also that storms and currents in the atmos- 
phere are local, and that while oiie stratum is thus agitated, 
other strata inferior or superior to it will be calm. Bv man- 
aging his ascent or descent, the aeronaut may thus transfer him- 
self from wind to stillness, from a storm to a calm, or from one 
current of wind to another in a different direction. The veloci- 
ty with which balloons are sometimes transported through the 
air amounts to eighty miles an hour. The appearance of the 
clouds from great heights is said to resemble a plain of snow, 
or a sea of white cotton. Those which are charged with elec- 
tricity axe said to resemble the smoke of ordnance. Clouds 
containing hail or snow are often encountered, in which the car 
becomes almost filled with these substances. Clouds of mist 
or rain frequently drench the aeronaut When birds are allow- 
ed to escape from the balloon at a great height, they fall almost 
perpendicularly downwards, the attenuated air not having suffi- 
cient inertia to offer resistance to their wings.* 

Attempts have been made to render balloons useful in mili- 
tary operations, by viewing from an elevated position the dispo- 
sition and movements of an hostile army. An academy, with 
this object, was actually established at Neudon, near Paris, 
during the late war, where a corps of aeronauts was trained to 
the service. A balloon was kept constantly inflated, and 
secured to the ground by a rope, which allowed it to ascend to 
a height of about twenty-five yards. At this institution militair 
bcBvons were prepared for the different divisions of the French 
army ; and on one occasion an ascent was made by a French 
general, at the battle of Fleury, to a height of nearly 500 yards, 

* Th« UHnboifh Baerclo^adia, artiel* A«f<Miratiot. 
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|W>m which he reconnoitred the hostile annies. It is iaid that 
tne signals which were made to general Jourdan on this occa- 
sion decided the fate of the engagement The project, however, 
nas long since heen abandoned, not being found generally 

It has been proposed to render balloons useAil in geographi- 
cal surveys, both as a means of raising the observer to great 
elevations, and of transmitting signals to great distances. 

The Diving B^Jl. 

(173.) The spirit of inquiry which so strongly characterizes 

8 human mind, and which stimulates man to undertakings in 
^hich life itself is imminently risked, has not only prompted 
bim to ascend into tibe regions of the air, but has also carried 
bim to the depths of the sea. 

The practice of diving is of very early origin, and was first 
probably adopted for the recovery of articles of value dropped 
into the water at small depths. Instances are recorded of per- 
sons having acquired by practice the habit of enduring submer- 
sion for a length of time which in many cases seems astonishing, 
uid in others altogether incredible. Indeed, the circumstances 
attending most oi these narrations bear unequivocal marks of 
fiction. The gratification of a taste for the marvellous does not 
tempt us to allow a space in our pages for a description of the 
feats of the Sicilian diver, whose chest was so capacious that by 
one inspiration he could draw in sufficient air to last him a whole 
day, during which time he would sojourn at the bottom of ihe 
sea, and who became so inured to the water, that it was almost 
a matter of indifference to him whether he walked on dry land 
or swam in the deep, remaining oflen for five days' in the sea, 
living upon the fish which he caught ! 

Various attempts were made to assist the diver by enabling 
him to carry down a supply of air ; and after a long period and 
gradual improvements, suggested by experience, the present 
diving bell was produced. 

This machine depends for its efficacy on that quality in air 
which is common to all material substances, impenetrability $ 
that is, the total exclusion of all other bodies firom the space in 
which it is present The diving bell is a large vessel closed at 
the sides and at the top, but open at the bottom. It should be 
perfectly impenetrable to air and water. When such a machine, 
with its mouth downwards, is pressed into the water by sufficient 
weights suspended from it, the air contained in it at the surface 
will oe enclosed by the sides, the top, and the surface of the water 
which enters the mouth of the machine. As it descends in Uie 
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Uqmo, tne air enclosed in it is subject to the pressure, which 
increases in proportion to the depth, and by virtue of its elas- 
ticity will become condensed in proportion to this pressure. 
Thus at the depth of about 34 feet, the hydrostatic pressure 
will be equal to that of the atmosphere ; and since the air at 
the surface of the water is under the atmospheric pressure, it 
wiU be affected by double the pressure at the depth of 34 feet. 
It will, therefore, conformably to what was explained in (132.), 
be condensed so much as to be reduced to half its original 
dimensions. Half the capacity of the machine will, therefore 
be filled with water, and the other half will contain all the air 
which fiUed the machine at the moment of its immersion. As 
the depth is increased, the space occupied by the air in the bell 
will be proportionably diminished. 

It is well known thnX if an animal continue to respire in a 
space from which a fresh supply of atmospheric air is excluded, 
the air confined in the space will at length become unfit for the 
support of life. This is owing to an effect produced upon the 
air drawn into the lungs, by which when breathed it contains 
carbonic acid, an inmdient not present in the natural atmos- 
phere, and which is highly destructive to animal life.* When 
the air in which the ammal is confined has been breathed for a 
length of time, this effect being repeated, the air enclosed 
becomes highly impregnated with this gas ; and if its escape be 
not allowed, and a fresh supply of atmospheric air admitted, the 
animal cannot live. If, therefore, a diving bell be used to ena- 
ble persons to descend in water, it will be necessary either to 
raise them to the surface ailer that interval in which the air 
confined in ^e bell becomes unfit for respiration, or means must 
be adopted to send down a supply of fresh air, and to allow the 
impure air to escape. But besides this, there is another reason 
why means of sending down a supply of ur are necessaiy. It 
has been already proved, that the hydrostatic pressure causes 
the water to fill a lar^c part of ^c capacity of uie machine, the 
air contained in it bemg condensed. It is necessary, therefore, 
in order to maintain sufficient room for the diver free from water, 
to supply such a quantity of air, as that in its condensed state 
it win keep the surface of the water near the mouth of the 
machine. Thus, at the depth of 34 feet, it will be necessaiy 
to supply as much air as would fill the bell in its natural state. 
At double that depth, as much more will be necessary, and 
so on. 

* There it alwayi present, however, in every part of the atmosphere, a veiy 
tmal] and variable proportion of carbonic acid. Animal respiration greatly i£- 
ereasee the oaantity of this deleterious gas in a confined portion of air, aii4 ftlM 
dfanlniehes the quantity of oxjgen gas, that constituent of atmoepheiic air mm 
wUeh its power of sustaining life depends.— Am. Eo. 
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The air necessary for these purposes is supplied by one or 
inore large condensing syringes, constructed on t^e principle 
explamed in (162.). These syringes, or pumps, are placed above 
the surface of the water into which the bell is let down, and 
they commiinicate with the interior of the bell by a flexible tube 
carried through the water and under the mouth of the bell. 
Through this tube any quantity of fresh air, which may be 
requisite for either of the purposes already mentioned, may 
be supplied. A tube furnished with a stopcock is placed in the 
top of the bell, by which the diver can let any quantity of 
impure air escape, to make room for the freah air which is 
admitted. The impure air will rise by its levity in bubbles to 
the surface. 

The diving bell received its name from the shape originally 
given to it. It was constructed with a round top, increasing in 
magnitude towards the mouth, thus rese^nbling the shape of a 
hell. It is now, however, usually constructed square at the top 
and bottom, the bottom being a little larger than the top, and 
the sides slightly diver^ng from above. The material is some- 
times cast iron, the whole machine being cast in one piece, 
and made very thick, so that there is no danger either from 
leakage or fracture. In this case the weight of the machine 
itself is sufficient to sink it Diving bells, however, are also 
sometimes constructed of close-grained wood, two planks being 
connected together with sheet lead between them. 

In the top of the machine axe placed several strong glass 
lenses for the admission of light, such as are used in the decks 
of vessels to illuminate the apartments below. 

The shape of the machine is generally oblong, witli seats for 
the diver at the end ; shelves for tools, writing materials, or any 
other articles necessary to be carried down, are placed at the 
sides ; and below the seats there are boards placed across the 
machine to support the feet Messages are communicated from 
below to above either in writing or by signals. A board is car- 
ried in the bell on which a written message may be chalked. 
This board communicates by a cord with the. arm of the super- 
intendent above, who, on a signal given, draws it up, and who, 
in a similar way, is able to return an answer. 

When the bell is of cast iron, a system of signals may be 
made by very simple means ; a blow struck b^ a hammer on the 
bell produces a peculiar sound distinctly audible at the surface 
of the water, and which cannot be mistaken for any other noise. 
The number of strokes made on the bell indicate the nature of 
the message, the smaller number of strokes signifying those 
messages most frequently necessary. Thus, a single stroke 
calls for a supply of fresh air ; two strokes command the bell to 
stand stiU ; three express a desire to be drawn up ; four to b^ 
23* 
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loirtied, mdluglioriniiiibeni mnu moticm in dUBsrent diroe- 
tiiiiM. Of course this system of signals is arbitrary, and liablo- 
lo be varied in different places. .^ 

The bell is usually suspended firom a crane, which is placed^ 
above the surface of the water ; and in order to move it, thia 
crane is placed on a railway, by which it is enabled to travene 
a certain space in one direction. The carriaj^e which traverses 
this railway supports another railway in curections at right 
angles to it, on which the crane is supported. By these means 
two motions may be given to the crane, the extent of which 
may be determined by the length of the railway, and the beU 
may be brought to any part of the bottom which is perpendica* 
larfy below the parulelogram formed by the length of tbe 
•^ilwiiv. 
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